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Preface 


The  purpose  of  Food  icrohiolo^ij  is  to  condense  into  ti  \'oluine  of 
modest  size  the  basic  principles  of  food  microbiology,  together  with 
illustrations  of  these  principles,  in  such  a  form  that  the  book  can  serve 
as  a  college  textbook  or  as  an  aid  to  workers  in  the  fields  related  to  the 
food  industries.  An  attempt  has  been  made  to  summarize  and  digest 
material  for  the  reader  and  to  a\'oid  referring  to  and  cjuoting  long  lists  of 
reports  from  various  workers.  Although  hundreds  of  scientific  papers  on 
food  microbiology  have  been  consulted  during  the  preparation  of  the 
manuscript,  reference  has  been  made,  whenever  possible,  to  adequate 
books  and  review  articles,  each  of  which  gi\’es  an  extensi\’e  bibliography, 
and  to  individual  articles  onlv  when  books  and  reviews  are  not  available. 
The  summarizing  references  should  be  especially  useful  to  the  student, 

who  can  and  will.consult  only  a  limited  number  of  sources. 

»  »■ 

Each  of  the  main  subjects  treated  in  this  book  is  worthy  of  a  separate 
volume,  but  limitations  of  space  have  not  permitted  the  inclusion  of  all 
of  the  material  that  each  specialist,  in  his  enthusiasm  for  his  field,  might 
wish  to  see.  The  author  has  tried  to  avoid  2;i\’ino;  undue  attention  to  anv 
single  phase  of  food  microbiology.  It  has  been  found  necessary,  of  course, 
to  include  a  limited  amount  of  food  technology,  enough  for  an  under¬ 
standing  of  the  microbiology  of  some  foods. 

The  subject  matter  in  Food  Microbiology  has  been  divided  into  six 
main  parts:  Part  One  on  the  microorganisms  important  in  food  micro¬ 
biology,  their  characteristics  and  their  entrance  into  foods;  Part  Two 
on  the  preservation  of  foods,  including  basic  methods  and  their  ap¬ 
plication  to  specific  foods;  Part  Three  on  the  general  principles  con¬ 
cerned  in  the  spoilage  of  foods  and  the  spoilage  of  specific  foods;  Part 
Four  on  foods  and  enzymes  produced  by  microorganisms;  Part  Five  on 
foods  in  relation  to  disease,  with  emphasis  on  food  poisonings  and 
infections;  and  Part  Six  on  food  sanitation,  control,  and  inspection. 

By  the  time  this  volume  is  published  new  methods  and  discov’eries 
will  have  been  reported.  Nevertheless,  the  basic  principles  of  food  micro¬ 
biology  as  presented  here  should  still  apply. 
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PART  ONE 


Microorganisms  Important  in  Food  Microbiology 


The  food  microbiologist  must  become  acquainted  witli  the  microorgan¬ 
isms  important  in  foods,  at  least  to  the  extent  that  will  enable  him  to 
identify  the  main  types  encountered,  so  that  he  can  make  use  of  what  is 
known  about  their  characteristics  and  can  compare  his  results  with  those 
of  other  workers.  Part  1  makes  an  attempt  to  outline  briefly  the  identifica¬ 
tion  and  classification  of  food  molds,  because  these  organisms  are  not 
studied  much  in  the  usual  beginning  course  in  microbiology.  There  is 
some  discussion  of  the  classification  of  yeasts,  but  no  attempt  has  been 
made  to  cover  determinative  bacteriology,  a  subject  to  which  the  stu¬ 
dent  usually  receives  an  adequate  introduction  in  his  first  course  in 
bacteriology. 

The  contamination  of  foods  with  microorganisms  is  discussed  onlv 
briefly  in  this  first  section  because  this  subject  will  be  considered  re¬ 
peatedly  and  in  more  detail  in  following  sections  of  the  textbook. 
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CHAPTER  1  Molds 


Mold  growth  on  foods,  with  its  fuzzv  or  cottony  appenriince,  sometimes 
colored,  is  familiar  to  everyone;  and  usually  a  moldy  or  mildewed  food 
is  considered  unfit  to  eat.  While  it  is  true  that  molds  are  concerned  in 
the  spoilage  of  many  kinds  of  foods,  special  molds  are  useful  in  the 
manufacture  of  certain  kinds  of  foods  or  of  ingredients  of  foods.  Thus, 
some  kinds  of  cheese  are  mold-ripened,  e.g.,  blue,  Roquefort,  Camembert, 
Brie,  Gammelost,  etc.,  and  molds  are  used  in  the  making  of  Oriental 
foods  such  as  soy  sauce,  miso,  sonti,  and  others  that  will  be  discussed 
later.  Molds  have  been  grown  as  food  or  feed,  and  are  employed  to  pro¬ 
duce  products  used  in  foods,  such  as  amylase  for  breadmaking  or  citric 
acid  used  in  soft  drinks. 

The  food  bacteriologist  should  be  able  to  identify  the  genera  of  molds 
important  in  foods  and  be  able  to  recognize  some  of  the  common 
species.  It  is  the  purpose  of  the  following  discussion  to  give  only  enough 
information  to  enable  preliminarv  identification  of  common  genera  of 
molds  without  special  regard  for  their  place  in  botanical  classification 
and  to  learn  how  to  favor  or  inhibit  mold  growth  as  desired. 

GENERAL  CHARACTERISTICS  OF  MOLDS 

The  term  mold  is  applied  to  certain  multicellular,  filamentous  fungi 
whose  growth  on  foods  usually  is  readily  recognized  by  its  fuzzy  or 
cottony  appearance.  The  main  part  of  the  growth  commonly  appears 
white  but  may  be  colored  or  dark  or  smoky.  Colored  spores  are  typical 
of  mature  mold  plants  of  some  kinds  and  give  color  to  part  or  all  of  the 
growth. 

Morphological  Characteristics 

The  morphology,  that  is,  the  form  and  structure,  of  molds,  as  judged 
by  their  macroscopic  and  microscopic  appearance,  is  used  in  their  identi¬ 
fication  and  classification. 
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Ilijpluie  and  Mycelium.  The  mold  plant  consists  of  a  mass  of  branch¬ 
ing,  intertwined  filaments  called  hvphae  (singular  hypha),  and  the 
whole  mass  of  these  hvphae  is  known  as  the  mvcelium.  The  hvphae  may 
be  submerged,  or  growing  within  the  food,  or  aerial,  or  growing  into 
the  air  abov'e  the  food,  fivphae  also  mav  be  classed  as  vegetative,  or 
growing,  and  hence  concerned  chieflv  with  the  nutrition  of  the  mold,  or 
fertile,  and  concerned  with  the  production  of  reproductive  parts.  In  most 
molds  the  fertile  hyphae  are  aerial,  but  in  some  molds  thev  mav  be  sub¬ 
merged.  The  hvphae  of  some  molds  are  full  and  smooth,  but  the  hyphae 
of  others  are  characteristicallv  thin  and  ragged.  A  few  kinds  of  molds 
produce  sclerotia  (singular  sclerotium),  which  are  tightlv  packed  masses 
of  hyphae,  often  thick-walled,  within  the  mv^celiiim.  These  sclerotia  are 
considerably  more  resistant  to  heat  and  other  adv'erse  conditions  than 
the  rest  of  the  mycelium  and  for  this  reason  may  be  important  in  some 
processed  food  products, 

^Microscopic  e.xamination  of  mold  hyphae  reveals  characteristics  useful 
in  the  identification  of  genera.  Molds  are  divided  into  two  groups: 
septate,  that  is,  with  cross  walls  dividing  the  hypha  into  cells;  and  non- 
septate,  with  the  hyphae  apparently  consisting  of  evlinders  without 
cross  walls.  The  nonseptate  hyphae  have  nuclei  scattered  throughout 
their  length  and  are  considered  multicellular.  It  also  will  be  observed 
that  the  hyphae  of  most  molds  are  clear  but  that  the  hvphae  of  some  are 
dark  or  smoky.  Hyphae  may  appear  uncolored  and  transparent  on  micro¬ 
scopic  examination  but  may  appear  colored  when  large  masses  of  hyphae 
are  viewed  macroscopically. 

Septate  hvphae  increase  in  length  by  division  of  the  tip  cell  (apical 
growth)  or  of  cells  within  the  hypha  (intercalarv  growth),  the  type  of 
growth  being  characteristic  of  the  kind  of  mold.’ Division  of  the  nuclei 
distributed  throughout  nonseptate  hvphae  is  accompanied  by  an  increase 
in  the  length  of  filaments. 


Special  mycelial  structures  or  parts  aid  in  the  identification  of  molds. 
Examples  are  the  rhizoids,  or  “holdfasts,”  of  Rhizapii.s  and  MkuIw,  the 
foot  cell  in  Asi>crsilli,.i,  and  the  dichotomous,  or  Y-shaped,  hranchinir  in 
Crotrirhiim.  all  of  which  will  he  descrihed  later. 

Rcprmiuctive  Port,  or  Stroctoren.  Molds  can  srrow  from  a  transplanted 
piece  of  mycelium,  hut  there  is  seldom  an  opportunity  for  this  to  occur 
Reproduction  of  molds  is  chieflv  hy  means  of  asexual  spores.  Some  molds 
.also  form  sexual  spores.  Such  molds  are  termed  “perfect"  and  are  classi- 
fied  as  either  Oomycetes  or  Zsgomycetes  if  nonseptate,  or  .Ascomveetes 
or  Rasidiomycetes  if  septate,  as  contrasted  with  "imperfect”  molds  the 
Fungi  Imperfecti  (septate),  which  have  only  asexual  spores. 

.•Vsr.tim(  Spore.?.  The  asexual  sport-s  of  molds  are  produced  in  large 
nnmfH-rs  and  are  small,  light,  and  resistant  to  drying.  Thev  are  readily 
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spread  through  the  air  to  alight  and  start  new  mold  plants  where  condi¬ 
tions  are  favorable.  The  three  principal  types  of  asexual  spores  are  ( 1 ) 
conidia  (singular  conidium);  (2)  arthrospores,  or  oidia  (singular 
oidium);  and  (3)  sporangiospores.  Conidia  are  cut  off,  or  bud,  from 
special  fertile  hyphae  called  conidiophores,  and  usually  are  in  the  open, 
that  is,  not  enclosed  in  any  container,  as  contrasted  to  the  sporangio¬ 
spores,  which  are  in  a  sporangium  (plural  sporangia),  or  sac,  at  the  tip 
of  a  ^fertile  hypha,  the  sporangiophore.  Arthrospores  are  fonned  by  frag¬ 
mentation  of  a  hypha,  so  that  the  cells  of  the  hypha  become  arthrospores.' 
Examples  of  these  three  kinds  of  spores  will  be  given  in  the  discussion  of 
important  genera  of  molds.  A  fourth  kind  of  asexual  spore,  the  chlamydo- 
spore,  is  formed  by  many  species  of  molds  when  a  eell  here  and  there 
in  the  myeelium  stores  up  reserve  food,  swells,  and  fonns  a  thicker  wall 
than  that  of  surrounding  cells.  This  chlamydospore,  or  resting  cell,  then 
ean  withstand  unfavorable  conditions  better  than  ordinary  mold  myce¬ 
lium  and  later,  under  favorable  conditions,  can  grow  into  a  new  mold 
plant. 

The  morphology  of  the  asexual  spores  is  helpful  in  the  identification 
of  genera  and  species  of  molds.  Sporangiospores  differ  in  size,  shape,  and 
color.  Conidia  not  only  vary  in  these  respects,  but  also  may  be  smooth 
or  roughened  and  one-,  two-,  or  many-eelled. 

Also  helpful  in  the  identification  of  molds  is  the  appearance  of  the 
fertile  hyphae  and  the  asexual  spores  on  them.  If  sporangiospores  are 
formed,  points  to  be  noted  are  whether  the  sporangiophores  are  simple 
or  branched,  the  type  of  branching,  and  the  size,  shape,  color,  and  loca¬ 
tion  of  the  sporangia.  -  The  swollen  tip  of  the  sporangiophore,  the 
columella,  which  usually  projects  into  the  sporangium,  assumes  shapes 
typical  of  species  of  mold.  Conidia  may  be  borne  singly  on  conidio- 
phores  or  in  spore  heads  of  differing  arrangement  and  complexitv.  A 
glance  at  the  general  appearance  of  a  spore  head  often  is  sufficient  for 
identification  of  the  genus.  Some  molds  have  conidia  in  chains,  squeezed 
off  one  by  one  from  a  special  cell,  a  sterigma  ( plural  sterigmata ) ,  at  the 
Hp  of  the  conidiophore.  Other  molds  have  irregular  masses  of  conidia, 
which  cut  off  from  the  tip  of  the  conidiophore  without  evident  sterigmata. 
These  masses  of  conidia  may  be  loosely  or  tightly  packed  or  even  en- 
slimed.  The  conidia  of  some  molds  bud  off  from  the  conidiophore  and 
continue  to  multiply  by  budding;  they  appear  yeastlike. 

Sexual  Spores.  The  molds  which  can  produce  sexual  spores  are  classi¬ 
fied  on  the  basis  of  the  manner  of  formation  of  these  spores  and  the  type 
produced.  The  nonseptate  molds  ( Phycomycetes )  that  produce  oospores 
are  termed  Oomycetes.  These  molds  are  mostly  acjuatic  forms  and  un¬ 
common  in  foods.  The  oospores  are  formed  by  the  union  of  a  small  male 
gamete  and  a  large  female  gamete.  The  Zygomycetes  form  zygospores  by 
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the  union  of  the  tips  of  two  hyphae  which  often  appear  similar  and 
which  may  come  from  the  same  mycelium  or  from  different  mycelia. 
Both  oospores  and  zygospores  are  cov'cred  by  a  tough  wall  and  can  sur¬ 
vive  drying  for  long  periods.  The  Ascomycetes  (septate)  form  sexual 
spores  known  as  ascospores,  which  are  formed  after  the  union  of  two 
cells  from  the  same  mycelium  or  from  two  separate  mycelia.  The  asco¬ 
spores,  resulting  from  cell  division  after  conjugation,  are  in  an  ascus  or 
sac,  with  usually  eight  spores  per  ascus.  The  asci  may  be  single  or  may 
be  grouped  within  a  covering  called  a  perithecium,  formed  by  branching 
and  intertwining  adjacent  hyphae.  The  Ihisidiomycctes,  which  include 
most  mushrooms,  plant  rusts,  etc.,  form  a  fourth  type  of  sexual  spore,  the 
basidiospore,  but  will  not  be  discussed  because  they  are  relativ^ely  unim¬ 
portant  in  food  microbiology. 


Cultural  Characteristics 


The  gross  appearance  of  a  mold  plant  growing  on  a  food  often  is 
enough  to  indicate  its  genus.  Some  molds  are  loose  and  fluflv;  others  are 
compact.  Some  look  velvety  on  the  upper  surface,  some  dry  and  powdery, 
and  others  wet  or  gelatinous.  Some  molds  are  restricted  in  size,  while 
others  seem  limited  only  by  the  food  or  container.  Definite  zones  of 
growth  in  the  plant  distinguish  some  molds,  e.g.,  Aspergillus  niger.  Pig¬ 
ments  in  the  mycelium,  red,  purple,  yellow,  brown,  gray,  black,  etc.,  are 
characteristic,  as  are  the  pigments  of  masses  of  asexual  spores:  green, 
blue-green,  yellow,  orange,  pink,  lavender,  brown,  gray,  black,  etc.  The 
appearance  of  the  reverse  side  of  a  mold  plant  on  an  agar  plate  may  be 
striking,  like  the  opalescent  blue-black  or  greenish-black  color  of  the 
underside  of  a  Cladosporium  plant. 


Physiological  Characteristics 

The  physiological  characteristics  of  molds  will  be  reviewed  only  briefly 
here  and  will  be  discussed  in  more  detail  later. 

Moisture  Requirements.  In  general,  most  molds  require  less  available 
moisture  than  most  yeasts  and  bacteria,  although  notable  exceptions  will 
be  cited  in  Chapter  17,  where  moisture  re(}uirements  of  molds,  yeasts, 
and  bacteria  will  be  compared.  Moisture  recjuirements  of  an  organism 
ordinarily  are  affected  by  variations  in  food,  temperature,  availability  of 
oxygen,  pH,  and  the  presence  of  inhibitors.  Available  moisture  may  be 
expressed  in  terms  of  water  activity  («..),  which  is  the  vapor  pres'sure 
of  the  solution  (of  solutes  in  water  in  most  foods),  divided  by  the  vapor 
pressure  of  the  solvent  (usually  water).  The  a,r  for  pure  water  would  be 
l.(K),  and  for  a  1.0  molal  solution  of  a  nonionizing  solute  the  would  be 
0.9823.  The  would  be  iu  e(juilibrium  with  a  relative  humidity  (H.H.) 
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of  the  atmosphere  about  the  food  100  times  as  large,  if  tlie  R.H.  is  ex¬ 
pressed  as  a  percentage.  A  relative  humidity  about  a  food  that  would 
correspond  to  an  a,o  lower  than  that  of  the  food  would  tend  to  dry  out 
the  surface  ot  the  food;  and,  conversely,  if  the  R.H.  were  higher  than  that 
corresponding  to  the  the  latter  would  be  increased  at  the  surface 
of  the  food. 

Molds  differ  considerably  among  themselves  as  to  optimum  a,c  and  range 
of  for  germination  of  the  asexual  spores.  The  range  for  spore  germi¬ 
nation  is  greater  at  temperatures  near  the  optimum  for  germination  and  in 
a  better  culture  medium.  The  minimum  0^  for  spore  germination  has  been 
found  to  be  as  low  as  0.62  for  some  molds,  and  as  high  as  0.93  for  others 
(e.g.,  Mucor,  Rhizopiis,  and  Botn/tis).  Each  mold  also  has  an  optimum 
and  range  of  a,o  for  growth.  Examples  of  optimum  are  0.98  for  an  Asper¬ 
gillus  sp.,  0.995  to  0.98  for  a  Rhizopus  sp.,  and  0.9935  for  a  PeuicilUum 
sp.  The  would  have  to  be  below  0.62  to  stop  all  chances  for  mold 
growth,  although  an  below  0.70  inhibits  most  molds  causing  food 
spoilage;  and  an  a,p  below  0.94  inhibits  molds  like  Rhizopus,  and  below 
0.85  inhibits  Aspergillus  spp.  The  reduction  of  the  a,p  below  the  optimum 
for  a  mold  delays  spore  germination  and  reduces  the  rate  of  growth  and 
therefore  can  be  an  important  factor  in  food  preservation.  Many  of  the 
molds  can  grow^  in  media  wdth  an  (i,p  approaching  1.00  (pure  w^ater). 

An  approximate  limiting  total  moisture  content  of  a  given  food  for 
mold  growth  can  be  estimated,  and  therefore  it  has  been  claimed  that 
below  14  to  15  percent  total  moisture  in  flour  or  some  dried  fruits  will 
prevent  or  greatly  delay  mold  grow^th. 

Temperature  Recpiiremenfs.  Most  molds  would  be  considered  meso- 
philic,  i.e.,  growing  well  at  ordinary  room  temperatures.  The  optimum 
for  most  molds  is  around  25  to  30° C  (77  to  86°F),  and  few  grow  w^ell 
above  35  to  37°C  (95  to  98.6°F).  Exceptions  are  some  of  the  species  of 
Aspergillus  and  a  few  other  molds.  Some  of  the  molds  grow  fairly  w^ell 
at  temperatures  of  freezing  or  just  above,  and  some  can  grow^  slowdy  at 
sub-zero  temperatures,  wuth  growth  reported  at  as  low^  as  —5  to  —  10°C 
(23  to  14°F). 

R<^(piiremenfs.  Molds  recpiire  free  oxygen  for  growth; 
this  is  true  at  least  for  the  molds  growing  on  foods.  Most  molds  can 
grow  over  a  wide  range  of  hydrogen-ion  concentration  (pH  2  to  8.5), 
but  some  are  favored  by  an  acid  pH. 

Food  Requirements.  Molds  in  general  can  utilize  many  kinds  of  foods, 
ranging  from  simple  to  complex.  Most  of  the  common  molds  possess  a 
variety  of  hydrolytic  enzymes,  and  some  are  growm  for  their  amylases, 
pectinases,  proteinases,  and  lipases. 

Inhibitors.  Compounds  inhibitory  to  other  organisms  are  produced  by 
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some  molds,  such  as  penicillin  from  Penicillium  chrtjsogemim  and 
clavacin  from  Aspergillus  clavatus.  Certain  chemical  compounds  are 
mycostatic,  inhibiting  the  growth  of  molds,  with  sorbic  acid,  propionates, 
and  acetates  as  examples,  or  are  specifically  fungicidal,  killing  molds. 

The  growth  of  molds  is  slow  compared  to  that  of  bacteria  or  yeasts, 
so  that  when  conditions  are  favorable  for  all  of  these  organisms,  molds 
usually  lose  out  in  the  competition. 


CLASSIFICATION  AND  IDENTIFICATION  OF  MOLDS 

Molds  are  plants  of  the  subkingdom  Thallophyta,  having  no  roots, 
stems,  or  leaves,  and  of  the  division  Fungi,  devoid  of  chlorophyll.  They 
belong  to  the  phylum  Eumycophyta,  or  true  fungi,  and  are  subdivided 
further  as  shown  in  Figure  1-1. 

Review  of  the  previous  discussion  and  of  Figure  1-1  will  indicate  that 
the  following  criteria  are  used  chieflv  for  differentiation  and  identification 
of  molds: 

1.  Whether  hyphae  are  septate  or  nonseptate. 

2.  Whether  the  mycelium  is  clear  or  dark  ( smoky ) . 

3.  Whether  the  mycelium  is  colored  or  colorless. 

4.  Whether  sexual  spores  are  produced  and  the  type:  oospores,  zygo¬ 
spores,  or  ascospores. 

5.  The  type  of  asexual  spores:  sporangiospores,  conidia,  or  arthrospores 
( oidia ). 

6.  The  microscopic  appearance  of  the  asexual  spores,  especiallv  of 
conidia:  shape,  size,  color;  smooth  or  rough;  one-,  two-,  or  many¬ 
cell  ed. 

7.  Characteristics  of  the  spore  head: 

a.  Sporangia:  size,  color,  shape,  and  location. 

h.  Spore  heads  bearing  conidia:  single  conidia,  chains,  budding  co¬ 
nidia,  or  masses;  shape  and  arrangement  of  sterigmata;  gumming 
together  of  conidia. 

8.  Appearance  of  sporangiophores  or  conidiophores:  simple  or  branched, 
and  if  branched  the  type  of  branching.  Size  and  shape  of  columella 
at  tip  of  sporangiophore.  Whether  conidiophores  are  single  or  in 
bundles. 

9.  Presence  of  special  structures  ( or  spores ) :  stolons,  rhizoids,  foot  cells, 
apophysis,  chlamydospores,  sclerotia,  etc. 

Examples  of  these  differential  characteristics  will  be  given  in  the  de¬ 
scription  of  genera  of  molds  to  follow. 
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MOLDS  OF  INDUSTRIAL  IMPORTANCE 

Genera  of  molds  of  industrial  importance,  especially  in  foods,  will  be 
described  brieflv,  manv’  of  them  only  enough  to  enable  differentiation 
from  other  commonly  encountered  genera. 

I.  Molds  of  the  class  Phycomycetes  (all  food  molds  in  this  class  are 
nonseptate). 

A.  Subclass  Oomycetes:  Sexual  spores  are  oospores. 

1.  Order  Saprolegniales  (water  molds) 

a.  Genus  Saprolegnia.  S.  parasitica  causes  a  fungal  growth  on 
fishes.  Asexual  reproduction  is  bv  sporangia  and  motile  zoo¬ 
spores. 

2.  Order  Peronosporales 

a.  Genus  Pythium.  Some  species  cause  rots  of  vegetables  and 
some  are  pathogens  of  plant  roots.  Sporangia  give  forth  motile 
zoospores. 

B.  Subclass  Zygomycetes:  Sexual  spores  are  zygospores. 

1.  Order  Mucorales:  Asexual  sporangiospores  in  sporangia. 
a.  Genus  Mucor  (Figure  1-2).  Mucors  are  in\’olved  in  the 
spoilage  of  some  foods  and  in  the  manufacturing  of  others.  A 
widely  distributed  species  is  M.  racemosus.  M.  roiixii  is  used 
in  the  “Amylo”  process  for  saccharification  of  starch,  and 
mucors  aid  in  the  ripening  of  some  cheeses  (e.g.,  Gammclost) 
and  the  making  of  certain  Oriental  foods,  e.g.,  su  fu  cheese 
and  ternpeh.  Distinguishing  characteristics  'are:  (1)  Non¬ 
septate.  (2)  Sporangiophores  formed  on  all  aerial  parts  of 
mold  and  may  be  simple  or  branched.  (3)  Columella  round, 
cylindrical,  or  pear-shaped.  (4)  Spores  smooth,  regular.  (5) 
Zygospore  suspensors  ecpial  in  size  (Figure  1-3).  (6)  No 
stolons,  rhizoids,  or  sporangioles. 

h.  Genus  Zygorrhynchus.  These  soil  molds  are  similar  to 
Mucor  except  that  the  zygospore  suspensors  are  markedly  un- 
ecjual  in  size  and  arise  from  neighboring  branches  of  the  same 
hypha  (Figure  1—4). 
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Fig.  1-3.  Zygo.spore  formation  in  Mticor. 
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Fig.  1-4.  Zygospore  formation  in  Zygorrhynchus. 
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c.  GtMiiis  Rhizupits  (Figures  1-5,  1-6).  R.  nigricans,  the  so- 
called  “bread  mold,”  is  very'  common  and  is  involved  in  the 
spoilage  of  many  foods:  berries,  fruits,  vegetables,  bread,  etc. 
Distinguishing  characteristics  of  Rhizopus  are  (1)  Nonseptate. 
(2)  Has  stolons  and  rhizoids,  often  darkening  in  age.  (3) 
Sporangiophores  arise  at  the  nodes,  where  rhizoids  also  are 
formed.  ( 4 )  Sporangia  are  large  and  usually  black.  ( 5 )  Hemi¬ 
spherical  columella  and  cup-shaped  apophysis  (base  to  the 
sporangium).  (6)  Abundant,  cottony  mycelium  which  may  fill 
the  container,  e.g.,  a  petri  dish.  (7)  No  sporangioles. 

d.  Genus  Absidia.  Similar  to  Rhizopus,  except  that  sporangio¬ 
phores  arise  from  the  internodes  and  sporangia  are  small  and 
pear-shaped  (Figure  1-7). 

e.  Genus  Thamnidium  (Figure  1-8).  T.  elegans  is  found  on 
meat  in  chilling  storage.  Distinguishing  characteristics  are  ( 1 ) 
Nonseptate.  (2)  Sporangiophores  with  large  sporangia  at  tip 
and  lateral  clusters  of  sporangioles  near  the  base.  The  spor¬ 
angioles  are  like  miniature  sporangia,  each  with  two  to  twelve 
or  more  spores,  and  are  borne  on  many-branched  outgrowths 
from  near  the  base  of  the  sporangiophore. 


I"ig.  1  6.  Photomicrograph  of  RJiizopus  tiigricans.  Note  rhizoids  and  sporangiophores 
arising  from  node  and  sporangia  at  ends  of  sporangiophores.  Enlarged  about  200 
times.  {Courtesy  of  Harper  6-  Brothers.  From  W.  B.  Sarics  ct  ai,  Microhiolomp.  Gen¬ 
eral  and  Applied,  2d  ed.,  copyright,  1956,  New  York. ) 


Fig.  1-7.  Diagram  of  Ahsidia,  show¬ 
ing  location  of  sporangiophores  and 
rhizoids. 
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Fig.  1—8.  Thamnidium. 
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Simple  Key  to  Genera  of  Mucorales  Described 


1.  Sporangiole's  present . .  hamnidium 

11.  Sporangioles  absent 

A.  Rhizoids  and  stolons  formed 

1.  Sporangiophores  arise  at  nodes . Rhizoptis 

2.  Sporangiophores  arise  at  internodes . Ahsidia 

B.  Rhizoids  and  stolons  not  formed 

1.  Zygospore  suspensors  equal  in  size . Mucor 

2.  Zygospore  suspensors  unequal  in  size . Zijgorrhynchus 


II.  Septate  molds 

A.  Class  Fungi  Imperfccti:  No  se.xual  spores  (for  convenience,  a 
few  molds  forming  se.xual  spores  are  included  in  the  following 
discussion ), 

1.  Order  Moniliales:  Conidiophorcs  free,  arising  irregularly  from 
the  mycelium. 

a.  Family  Moniliaceae:  Mycelium  clear  and  colorless  or  palely 
or  brightly  colored. 

(1)  Genus  Aspergillus  (Figures  1-9,  1-10).  The  aspergilli 
are  v'ery  widespread.  Many  are  involved  in  the  spoilage  of 
foods,  and  some  are  useful  in  the  preparation  of  certain 
foods.  Thom  and  Raper  list  fourteen  groups  of  aspergilli 
and  hundreds  of  suggested  species,  but  only  a  few  will  be 
mentioned  here.  The  Aspergillus  glmicus  group,  with  A. 
repens  as  an  important  species,  is  often  involved  in  food 
spoilage.  The  molds  grow  well  in  high  concentrations  of 
sugar  and  salt  and  hence  in  many  foods  of  low  moisture 
content.  Conidia  of  this  groiq:>  are  some  shade  of  green,  and 
ascosporcs  are  in  asci  within  yellow  to  reddish  pcrithecia. 
Some  authors  include  these  molds  in  the  Ascomycetes  and 
the  genus  Eurotium. 

The  A.  niger  group,  with  A.  niger  as  a  leading  species, 
is  widespread  and  may  be  important  in  foods.  The  spore¬ 
bearing  heads  are  large,  tightly  packed,  and  globular  and 
may  be  black,  brownish-black,  or  purple-brown.  The  co¬ 
nidia  are  rough,  with  bands  of  pigment.  Many  strains  have 
sclerotia,  colored  from  buff  to  gray  to  blackish.  Selected 
strains  are  used  for  the  commercial  production  of  citric  and 
gluconic  acids. 

The  A.  fluvus-oryzae  group  includes  molds  important  in 
the  making  of  some  Oriental  foods  and  the  production  of 
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Fig.  1-9.  Diagram  of  a  simple  Aspergillus. 
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Mono  -  Bi-  Poly  -  verticillata 

Fig.  1-12.  Diagram  showing  clifTerent  typos  of  spore  heads 

1.  Monoverticillata 

2.  Biverticillata  ( also  symmetrical ) 

3.  Polyverticillata  ( this  one  is  symiiK'trical ) 

4.  Polyverticillata  (asymmetrical) 
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enzymes,  but  molds  in  this  group  often  are  involved  in  the 
spoilage  of  foods.  Conidia  give  different  yellow  to  green 
shades  to  the  spore  heads,  and  dark  sclerotia  may  be 
fonned. 

The  distinguishing  characteristics  of  Aspergillus  are  (a) 
Septate,  branched  mycelium,  usually  uncolored;  the  sub¬ 
merged  part  is  vegetative  and  the  aerial  part  mostly  fertile. 
(h)  Colonies  often  zonate.  (c)  The  conidiophore  or  stalk 
septate  or  nonseptate  and  arising  from  a  foot  cell  (see 
Figure  1-9),  a  special  mycelial  cell  which  has  become  en¬ 
larged  and  thick-walled.  The  conidiophore  swells  into  a 
vesicle  at  the  end,  bearing  sterigmata  from  which  the  co¬ 
nidia  are  squeezed  off.  (d)  Sterigmata  simple  or  compound 
and  colored  or  uncolored,  (e)  Conidia  in  chains — green, 
brown,  or  black  more  commonly  than  other  colors.  (/) 
Some  species  grow  well  at  37°C  (98.6°F)  or  above. 

(2)  Genus  PenicilUttm  (Figure  1-11).  This  is  another 
genus  that  is  widespread  in  occurrence  and'  important  in 
foods.  The  genus  is  divided  into  groups  and  subgroups,  and 
there  are  numerous  speeies.  The  genus  is  divided  into  large 
groups  on  the  basis  of  the  branching  of  the  spore-bearing 
heads,  or  penicilli  (little  brushes),  which  may  be  simple, 
with  one  penicillus  (Figure  1-12),  double  (Figure  1-12, 
sketch  2),  or  complex  (Figure  1-12,  sketches  3  and  4),  and 
the  latter  may  be  symmetrical  (Figure  1-12,  sketch  3),  or 
asymmetrical  (Figure  1-12,  sketch  4).  Most  species  im¬ 
portant  in  foods  are  complex  and  asymmetrical.  One  tvpe 
forms  coremia,  or  compact  bundles  of  conidiophores,  as  in 
F.  expansum,  the  green-spored  mold  that  causes  soft  rots 
of  fruits.  Other  important  species  are  F.  digifafum,  with 
olive-  or  yellowish-green  conidia,  causing  a  soft  rot  of  citrus 
fruits;  F.  itaUcum,  called  the  “blue  contact  mold,”  with 
blue-green  conidia,  also  rotting  citrus  fruits;  F.  eamemherti, 
with  grayish  conidia,  useful  in  the  ripening  of  Camembert 
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cheese;  and  P.  roqueforti  (Figure  1-13),  with  bluish-green 
conidia,  aiding  in  the  ripening  of  blue  cheeses  like  Ro(jue- 
fort.  A  few  species  form  asci  with  ascospores  in  perithecia, 
and  a  few  exhibit  sclerotia  and  therefore  have  caused  trou¬ 
ble  in  canned  acid  foods. 

The  distinguishing  characteristics  of  Penicillium  are  (a) 
Septate,  branching  mycelium  which  usually  is  imcolored. 
(h)  Septate,  aerial  conidiophorcs  that  are  perpendicular  to 
and  walled  off  from  the  submerged  hyphae  from  which 
they  arise.  They  may  be  branched  or  unbranched,  (c) 
Brushlike  spore-bearing  heads,  with  sterigmata  borne  in 
clusters  and  essentially  in  one  plane.  A  chain  of  conidia 
arises  from  each  sterigma  as  the  result  of  the  conidia  being 
cut  off,  one  by  one,  from  the  tip  of  the  sterigma.  (d)  Co¬ 
nidia  of  most  species  are  green  when  young,  but  later  may 
turn  brownish. 

i^)  Genus  Trichothecitim.  The  common  species,  T.  roseum 
(Figure  1-14),  is  a  pink  mold  which  grows  on  wood,  paper, 
fruits  such  as  apples  and  peaches,  and  vegetables  such  as 
cucumbers  and  cantaloupes.  This  mold  is  easily  recognized 
by  the  clusters  of  two-celled  conidia  at  the  ends  of  short, 
erect  conidiophorcs.  Conidia  have  a  nipplelike  projection 
at  the  point  of  attachment,  and  the  smaller  of  the  two  cells 
of  each  conidium  is  at  this  end. 

(4)  Genus  Gcotrichum  (Odspora  or  Oidium)  (Figure 
1-15).  This  genus  is  included  with  the  yeastlike  fungi  bv 
some  writers  and  with  the  molds  by  others.  Species  may  be 
white,  yellow  ish,  orange,  or  red,  with  the  growth  appearing 
first  as  a  firm,  feltlike  mass  that  later  becomes  soft  and 
creamy.  Qcofrichiini  candidum  (Odsjwra  lactis),  often 
called  the  dair\'  mold,  gives  wdiite  to  cream-colored 
growth.  The  hyphae  are  septate  and  show'  dichotomous 
branching  in  common  species.  1  he  asexual  spores  are  ar- 
throspores  (oidia)  whicli  may  appear  rectangular  if  from 
submerged  hyphae  and  oval  if  from  aerial  hyphae. 
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Fig.  1—15.  Qeotrich  um. 
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(5)  Genus  Neiirospora  (Monilia)  (Figure  1-16).  This 
genus  has  gone  under  various  names  because  of  the  con¬ 
fusion  concerning  its  classification,  but  most  mycologists 
believe  that  it  should  be  classed  among  the  perfect  molds 
(producing  sexual  spores),  and  call  the  genus  Neurospora. 
Nctirospora  (Monilia)  sitophila,  the  most  important  species 
in  foods,  sometimes  is  termed  the  “red  bread  mold”  because 
its  pink,  loose-textured  growth  often  occurs  on  bread.  It 
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Fig.  1-18.  Botnjtis  (cinerea). 
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Fig.  1-19.  Cephalosporium. 
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also  grows  on  sugar-cane  bagasse  and  on  various  foods.  The 
perfect,  or  ascosporogenous,  stage  seldom  is  seen. 

Distinguishing  characteristics  of  Neurospora  sitophilu  are 
(a)  Septate  mycelium,  which  later  may  break  up  into  cells. 
(h)  Loose  network  of  aerial,  long-stranded  mycelium,  (c) 
Aerial  hyphae  bearing  many  ovate,  pink  to  orange-red, 
budding  conidia,  which  form  branched  chains  and  are 
found  near  the  top  of  the  plant. 

^<6)  Genus  Sporotrichum.  Among  the  saprophytic  species  is 
S.  carnis  (Figure  1-17),  found  growing  on  chilled  meats, 
where  it  causes  “white  spot.” 

Distinguishing  characteristics  are  (a)  Clear,  septate  my¬ 
celium.  (b)  Colonies  cream-colored,  first  wet  and  later  dry 
and  powdery,  (c)  Conidia  mostly  small  and  pear-shaped 
(round  or  oval  in  some  species),  arising  laterally  or  at  the 
tips  of  conidiophores  from  all  parts  of  the  mycelium.  Co¬ 
nidia  often  single,  but  may  be  in  small  clusters. 

,( 7 )  Genus  Botn/tis.  Only  one  species  is  important  in  foods, 
B.  cincrea  (Figure  1-18).  It  causes  a  disease  of  grapes  but 
may  grow  saprophyticallv  on  foods. 

Distinguishing  characteristics  are  {a)  Woolly,  pale, 
dirty-brown,  septate  mycelium.  (/;)  Fairlv  long,  stiff  conid¬ 
iophores  which  are  branched  irregularly  at  the  end  and 
bear  conidia  in  grapelike  bunches,  (c)  Small,  ovate  conidia. 
( d )  Dirty-green  sclerotia  which  later  turn  black. 

(8)  Genus  Cephalosporin m  (Figure  1-19).  C.  acremonium 
is  a  common  species.  ^ 

Distinguishing  characteristics  are  {a)  Septate  mycelium. 
{h)  Short,  erect,  nonseptate  conidiophores  arising  at  ran¬ 
dom  from  fertile  hyphae.  (c)  Colorless,  elongate  or  ellipti¬ 
cal  conidia,  arising  from  the  tip  of  the  conidiophore,  which 
also  e.xudes  a  sticky  fluid.  Conidia,  held  together  by  this 
fluid,  form  into  small  balls. 

^(9)  Genus  Trichodcrma.  T.  viride  (Figure  1-20)  is  a  com¬ 
mon  species.  The  mature  mold  plant  is  bright-green  be¬ 
cause  the  balls  of  green  conidia  are  glued  together,  and 
tufts  of  white  hyphae  (sterile)  stick  up  well  above  the 
conidiophores. 

Distinguishing  characteristics  are  (a)  Septate  mycelium. 
(h)  Many-branched,  septate  conidiophores,  the  final 
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Hruiicli  l)cin^  u  stcrii^iiiu,  vvliicli  scjiicczcs  off  sphcricul  to 
slightly  ovate,  bright-green  conidia  into  slimy  balls. 

(10)  Genus  Scopuluriopsis.  S.  hrevicaulis  (Figure  1-21)  is 
a  common  species.  This  genus  may  be  confused  with  Pcni- 
cilliiim,  for  both  have  brushlike  penicilli  and  chains  of 
spores  s(jueezed  off  from  the  sterigmata,  but  the  conidia 
of  Scopuluriopsis  are  never  green.  Conidiophores  may  be 
branched  or  unbranchcd  in  Scopulariopsis,  and  simple  or 
complex,  and  the  branching  usually  is  irregular.  The  spore¬ 
bearing  heads  may  vary  from  complex,  branching  systems 
with  penicilli  to  single  sterigmata  arising  from  short 
branches  of  aerial  hyphae.  The  spores  are  distinctive  in 
microscopic  appearance  and  are  not  green  but  commonly 
yellowish-brown;  they  are  lemon-shaped,  thick-walled, 
spiny,  and  pointed  at  one  end,  with  a  thick  ring  at  the  op¬ 
posite  end.  Colonies  are  brownish  and  cottony. 


Fig.  1-23.  Uelminthosporium. 
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Simple  Key  to  Genera  of  Moniliaeeae  Described 
I.  Single-celled  conidia 

A.  Conidia  squeezed  off  in  chains  from  sterigmata 

1.  Sterigmata  arising  from  all  parts  or  the  upper  part  of  surface  o 

vesicle  (swollen  tip)  of  conidiophore.  Foot  cell . Aspergillus 

2.  Sterigmata  in  clusters,  spore  head  brushlike . Penicillium 

3  Sterigmata  single  on  a  conidiophore  or  on  irregularly  branched 

conidiophore  to  form  brushlike  heads . Scopulariopsis 

B.  Budding  conidia;  form  treelike  heads . Neurospora 

C.  Conidia  often  borne  singly  on  conidiophore  or  in  small  clusters  on  all 

parts  of  mveelium . Sporotiichuui 

D.  Conidia  borne  in  clusters  at  tip  of  conidiophore 

1.  In  loose,  grapelike  bunches  on  irregularly  branched  conidiophoie 

Botn/tis 

2.  Conidia  gummed  together  in  balls 


a.  Unbranched  conidiophorcs . Ceplialosporiuui 

h.  Manv-branched  conidiophorcs . T richoderma 

II.  Two-celled  conidia . f  richothecium 

III.  Arthrospores  (oidia) . Geotrichum 


b.  Family  Dematiaceae;  Mycelium  dark  or  smok\’  (black, 
gray,  brown,  or  oliv^e).  Usually  conidia  also  are  dark.  Mass  of 
mycelium  appears  dark,  but  individual  hyphae  may  be  very 
light  in  color  when  e.xamined  microscopically. 

(1)  Genus  Cladosporium.  C.  herharum  (Figure  1-22)  is  a 
leading  species.  These  dark  molds  cause  “black  spot”  on  a 
number  of  foods,  on  cellar  walls,  etc.  Colonies  of  C.  her- 
bariim  are  restricted  in  growth  and  are  thick,  veh^ty,  and 
olive-  to  gray-green,  and  the  reverse  side  of  the  plant  is  a 
striking  opalescent  blue-black  to  greenish-black. 

Distinguishing  characteristics  are  (a)  Septate  and  dark 
mycelium.  ( b )  Spore  heads  consisting  of  large,  treelike 
clusters  of  dark  conidia,  similar,  except  for  pigment,  to 
those  of  Neurospora.  (c)  Dark,  ovate,  budding  conidia 
which  are  one-celled  when  young  and  may  be  two-ccllcd 
when  old. 

(2)  Genus  Helminthosporiiim  (Figure  1-23).  Species  of 
this  genus  are,  for  the  most  part,  plant  pathogens,  but  may 
grow  saprophytically  on  vegetable  materials. 

Distinguishing  characteristics  are  {a)  Septate  and  usually 
dark  mycelium,  (b)  Dark,  long,  wormlike,  septate  conidia, 
usually  containing  four  to  six  cells,  and  borne  singly  or  in 
small  bunches,  sometimes  like  bunches  of  bananas,  at  the 
end  of  short  conidiophores. 
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(3)  Genus  Alternaria.  Molds  of  tliis  genus  are  common 
causes  of  the  spoilage  of  foods.  A.  citri  (rotting  citrus 
fruits),  A.  tenuis,  and  A.  hrassicae  are  common  species.  The 
mass  of  mycelium  usually  is  dirty  gray-green,  hut  hyphae 
often  look  nearly  colorless  under  the  microscope.  The 
brown,  many-celled  conidia  (Figure  1-24)  are  in  a  chain 
on  the  conidiophore. 

Distinguishing  characteristics  are  {a)  Dirty  gray-green, 
loose,  woolly,  septate  mycelium.  (/;)  Large,  ovate  to  in¬ 
verted  club-shaped,  greenish-brown  to  dark-brown,  multi¬ 
cellular  conidia,  with  both  cross  and  longitudinal  walls, 
(c)  Conidiophore  bearing  a  chain  of  conidia,  with  the  blunt 
end  of  each  conidium  toward  the  mycelium  and  the  op¬ 
posite  end  more  beaked.  Conidiophores  branched  or  un¬ 
branched. 

(4)  Genus  Stemphylium  (Figure  1-25).  This,  too,  is  a  com¬ 
mon  genus.  The  conidia  are  dark  and  multicellular  but 
have  fewer  cross  walls  than  those  of  Alternaria  and  are 
rounded  at  both  ends. 

Distinguishing  characteristics  are  (a)  Septate  mycelium. 
(b)  Very  dark,  ovate  conidia  that  are  multicellular  but 
have  few  septa,  which  are  both  cross  and  longitudinal,  (c) 
Gonidia  in  small  clusters  on  short  conidiophores  arising 


from  trailing  hyphae. 


Pig.  1-24.  Alternaria. 


Fig.  1-25.  StemphijUum. 


Fig.  1—26.  F usarium. 
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Simple  Key  to  Genera  of  Dematiaceae  Described 

I.  Budding,  one-,  and  two-celled  conidia . Cladosporium 

IL  Many-celled  conidia 

A.  Conidia  cylindrical,  elongate,  transversely  septate;  produced  singly  on 

conidiophore  . Helminthosporium 

B.  Beaked  conidia  in  chain  borne  on  conidiophore;  both  cross  and  longi¬ 
tudinal  septa  in  conidia . Alternaria 

C.  Conidia  rounded  at  both  ends;  in  clusters  on  conidiophore;  both  cross 

and  longitudinal  septa  in  conidia . Stemphijlium 

c.  Family  Tuberculariaceae:  Short  conidiophores  in  bunches 
or  bundles,  forming  cushion-shaped  aggregates. 

(1)  Genus  Fusarium.  Molds  of  this  genus  often  grow  on 
foods.  The  species  are  very  difficult  to  identify,  and  the 
appearance  of  growth  is  variable.  The  chief  distinguishing 
characteristic  is  the  sevcral-cellcd,  sickle-shaped  macro- 
conidium  (Figure  1-26)  that  may  be  colored,  but  never  is 
dark.  One-celled,  ovoid,  or  oblong  microconidia  usually 
also  are  present;  they  may  be  borne  singly  or  in  chains. 

d.  Family  Gryptococcaceae:  Yeastlike  fungi  or  false  yeasts; 
reproduce  by  budding;  mycelium  present  or  lacking.  Genera: 
Candida,  Crijptococcus  (see  Ghapter  2). 

e.  Family  Rhodotorulaceae:  Mostly  orange-  to  red-pigmented 
nonsporing  (false)  yeasts.  Genus:  Rhodotonda. 

2.  Order  Melanconiales:  Do  not  have  free  conidiophores,  but 
rather  a  layer  of  closely  compacted  conidiophores.  Important 
genera  in  foods,  chiefly  fruits,  are  CoIIctotrichuni  and  Gleo- 
sporium  (causing  anthracnoses  in  plants)  and  Pestalozzia 
(causing  stem-end  rots  of  vegetables  and  fruits). 

3.  Order  Sphaeropsidales:  Conidia  are  in  flask-shaped  receptacles 
called  pycnidia. 

a.  Genus  Fhoma:  Cause  of  rots  in  beets,  tomatoes.  Conidia 
are  one-celled  and  borne  in  dark  pycnidia, 

b.  Genus  Diplodia:  Cause  of  rots,  especially  stem-end  rots, 
of  vegetables  and  fruits.  Conidia  are  colored  and  two-celled. 

B.  Subclass  Ascomycetes:  Se.xual  spores  are  ascospores.  Some  genera 
of  the  ascomycetes  have  been  discussed  with  the  Fungi  Imper- 
fecti  for  convenience,  for  example,  Neurospom  and  Eurofium. 
Other  genera  significant  in  foods  include: 

1.  Genus  Endomijces:  Yeastlike  fungi,  forming  mycelium  and 
arthrospores.  Some  species  rot  fruits. 

2.  Genus  Monascus:  Colonies  of  A/,  purpureus  are  thin  and 
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spreading  and  reddish  or  purple  in  color.  Found  on  dairy 
products  and  on  Chinese  red  rice. 

3.  Genus  Sclerotinia.  Some  species  cause  rots  of  vegetables  and 
fruits,  where  they  are  present  in  the  conidial  stage.  The  lemon¬ 
shaped  conidia  are  in  cliains,  with  a  “plug”  separating  conidia. 

In  the  preceding  discussion  of  molds  important  in  foods  it  has  been 
deemed  advisable  to  omit  mention  of  genera  tliat  only  occasionally  grow 
on  spec'ific  foods.  They  will  be  mentioned  with  those  foods.  For  the  de¬ 
scriptions  of  these  genera,  reference  should  be  made  to  text  and  reference 
books  on  fungi  listed  at  the  end  of  the  chapter. 
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CHAPTER  2  Yeasts  and  Yeastlike  Fungi 


Yeasts  are  as  difficult  to  define  as  molds.  In  Henrici’s  Molds,  leasts,  and 
Actinomifcetes,  yeasts  are  defined  as  “true  fungi  whose  usual  and  domi¬ 
nant  growth  form  is  unicellidar.”  Some  of  the  molds  in  their  conidial 
stage  are  like  budding  yeasts,  and  some  yeasts  have  a  mycelial  stage. 
An  example  of  a  genus  that  sometimes  is  listed  with  the  molds  and  some¬ 
times  with  the  yeasts  is  Gcotrichum. 

Yeasts  may  be  useful  or  harmful  in  foods.  Yeast  fermentations  are  in¬ 
volved  in  the  manufacture  of  foods  like  bread,  beer,  wines,  vinegar, 
and  surface-ripened  cheese,  and  yeasts  are  grown  for  enz\'mes  and  for 
food.  Yeasts  are  undesirable  when  they  cause  spoilage  of  sauerkraut, 
fruit  juices,  sirups,  molasses,  honey,  jellies,  meats,  wines,  beer,  and  other 
foods. 

Little  attempt  will  be  made  to  describe  genera  of  yeasts  so  that  they 
can  be  identified.  Instead  the  general  characteristics  of  veasts  will  be 
discussed,  the  important  genera  listed,  and  yeasts  of  industrial  impor¬ 
tance  mentioned. 

GENERAL  CHARACTERISTICS  OF  YEASTS 

Like  most  plants  yeasts  are  classified  botanically  chiefly  on  their  mor¬ 
phological  characteristics,  although  the  physiological  characteristics  are 
more  important  to  the  food  bacteriologist. 

Morphological  Characteristics 

The  morphological  characteristics  of  yeasts  are  determined  by  micro¬ 
scopic  examination. 

Form  and  Structure.  The  shape  of  yeasts  varies  from  spherical  to 
ovoid,  lemon-shaped,  pear-shaped,  cylindrical  (see  Figure  2-1),  or  even 
elongated  into  a  false  or  true  mycelium.  Parts  of  the  structure  that  can 
be  seen  are  the  cell  wall,  cytoplasm,  vacuoles  of  water  or  fat,  and  gran- 
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ules  which  may  be  mctachromatic,  albuminous,  or  starcliy.  Special  stain¬ 
ing  is  necessary  to  demonstrate  the  nucleus. 

Reproduction.  Most  yeasts  reproduce  asexually  by  budding  (Figure 
2—3),  a  process  in  which  some  of  the  protoplasm  bulges  out  the  cell  wallj 
the  bulge  grows  in  size  and  finally  walls  off  as  a  new  yeast  cell.  In  some 
yeasts,  notably  some  of  the  film  yeasts,  the  bud  appears  to  grow  from  a 
tubelike  projection  from  the  mother  cell.  Nuclear  material  is  divided 
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Fis];.  2—1.  Yeasts  of  different  shapes:  (A)  Saccharonii/ces  cerevisiae  with  huddin^ 
cells  and  one  asens  with  four  ascospores;  ( li )  Candida  yeast  with  elongated  cells; 
(C)  Candida  yeast  showing  psendoinyceliinn;  (D)  apicnlate  (lemon-shaped)  yeast; 
(E)  Schizosaccharomijces  yeast,  innltiplying  hy  fission;  (F)  llansemda  yeast  with 
ascospores  shaped  like  derhy  hats;  (G)  Zygosaccharonnices  yeast  showing  conjuga¬ 
tion  and  ascus  with  four  ascospores;  ( // )  flask-shapetl  yeasts. 

between  the  mother  and  daughter  cell.  .A  few  species  of  yeasts  reproduce 
by  fission  and  one  by  a  combination  of  fission  and  budding. 

Sexual  reproduction  of  true  yeasts  ( Ascomveetes )  is  by  means  of 
ascospores,  the  yeast  cell  serving  as  the  ascus.  The  formation  of  asco¬ 
spores  follows  conjugation  of  two  cells  in  some  species  of  yeasts.  Other 
yeasts  produce  ascospores  without  conjugation,  but  later  ascospores  or 
small  claughter  cells  may  conjugate.  The  usual  number  of  ascospores 
per  ascus  is  characteristic  of  a  species.  Oiflercnccs  in  methods  of  con¬ 
jugation  and  ascospore  formation  are  used  in  the  classification  of  yeasts. 

False  yeasts,  which  produce  no  ascospores,  lielong  to  the  Fungi 
Imperfecti.  Cells  of  some  yeasts  become  chlamydospores  by  formation 
of  a  thick  wall  about  the  cell. 
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Cultural  Characteristics 

The  appearance  of  massed  yeast  growth  is  not,  for  the  most  part,  use¬ 
ful  in  the  identification  of  yeasts,  although  growth  as  a  film  on  the  sur¬ 
face  of  liquid  media  would  suggest  a  film  yeast,  and  production  of  a 
carotinoid  pigment  would  indicate  the  genus  Rhodotorula.  However,  the 
appearance  of  the  growth  is  important  when  it  causes  colored  spots  on 
foods.  It  is  difficult  to  tell  yeast  colonies  from  bacterial  ones  on  agar 
plates;  the  only  certain  way  to  identify  a  yeast  colony  is  by  means  of  a 
microscopic  examination.  Most  young  yeast  colonies  are  moist  and  some¬ 
what  slimy,  but  may  appear  mealy,  and  most  colonies  are  whitish,  but 
some  are  cream-colored  or  pink.  Some  colonies  change  little  with  age, 
but  others  become  dry  and  wrinkled. 

Yeasts  are  divided  into  two  groups  on  the  basis  of  the  type  of  growth 
in  or  on  liquid  media.  So-called  film  yeasts,  or  oxidative  yeasts,  grow  as  a 
film  or  scum  on  the  surface,  while  the  others,  the  fermentative  yeasts, 
grow  throughout  the  liquid. 


Physiological  Characteristics 

Although  species  of  yeasts  may  differ  considerably  in  their  physiology, 
those  of  industrial  importance  have  enough  physiological  characteristics 
in  common  to  permit  generalizations,  prox  ided  that  it  is  kept  in  mind 
that  there  will  be  exceptions  to  every  statement  made. 

Most  of  the  commonly  encountered  yeasts  grow  best  with  a  plentiful 
supply  of  available  moisture.  But  since  many  yeasts  grow  in  the  presence 
of  greater  concentrations  of  solutes,  like  sugar  or  salt,  than  do  most 
bacteiia,  it  can  be  concluded  that  these  yeasts  require  less  moisture 
than  the  majority  of  bacteria.  Most  yeasts  require  more  moisture  than  do 
molds,  however.  On  the  basis  of  water  activity^  ( )  supporting  growth 
(see  Chapter  1),  yeasts  may  be  classified  as  ordinary  if  they  do  not  grow 
in  high  concentrations  of  solutes,  that  is,  a  low  and  as' osmophilic  if 
they  do.  Lower  limits  of  a,,  for  ordinary  yeasts  tested  thus  far  range 
fiom  0.88  to  0.94.  Specific  examples  of  minimal  r/„,  are  0.94  for  a  beer 
yeast,  0.90  for  a  yeast  from  condensed  milk,  and  0.905  for  a  bakers’  yeast. 
By  contrast,  osmophilic  yeasts  have  been  found  growing  slowly  in  media 
with  an  a,o  as  low  as  0.62  to  0.65  in  sirups,  although  some  osmophilic 
yeasts  are  stopped  at  about  0.78  in  both  salt  brine  and  sugar  sirup. 
Each  yeast  has  its  own  optimum  a,,  and  range  of  a,,  for  grou^th  for  a 
given  combination  of  environmental  conditions.  These  a,,  values  will  van^ 
with  the  nutritive  properties  of  the  substrate,  pH,  temperature,  avail¬ 
ability  ot  oxygen,  and  presence  of  inhibitory  substances. 

The  range  of  teniperatnre  for  growtl,  of  most  yeasts  is.  in  general, 
similar  to  that  for  molds,  with  the  optimum  around  25  to  30°C  and  the 
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maximum  about  35  to  37°C.  Some  kinds  can  grow  at  0°C  or  less.  The 
growth  of  most  yeasts  is  favored  by  an  acid  reaction  in  the  vicmitx’  of 
pH  4  to  4.5,  and  they  not  grow  well  in  an  alkaline  medium  unless 
adapted  to  it.  Yeasts  grow  best  under  aerobic  conditions,  but  the  fer¬ 
mentative  tvpes  can  grow  anaerobically,  although  slowly. 

In  general,  sugars  are  the  best  food  for  energy  for  yeasts,  although 
oxidative  yeasts,  e.g.,  the  film  yeasts,  oxidize  organic  acids  and  alcohol. 
Carbon  dioxide  produced  by  bread  yeasts  accomplishes  the  leavening  of 
bread;  and  alcohol  made  by  the  fermentative  yeasts  is  the  main  product 
in  the  manufacture  of  wines,  beer,  industrial  alcohol,  and  other  products. 
The  yeasts  also  aid  in  the  production  of  flavors  or  “bouquet”  in  wines. 

Nitrogenous  foods  utilized  varv'  from  simple  compounds  like  ammonia 
and’ urea  to  amino  acids  and  polypeptides.  In  addition,  yeasts  require 


accessory  growth  factors. 

Yeasts  may  change  in  their  physiological  characteristics,  especially  the 
true,  or  ascospore-forming,  veasts,  which  have  a  sexual  method  of  re¬ 
production.  These  yeasts  can  be  bred  for  certain  characteristics,  or  may 
mutate  to  new  forms.  Most  veasts  can  be  adapted  to  conditions  which 
previously  would  not  support  good  growth.  Illustrative  of  different  char¬ 
acteristics  within  a  species  is  the  large  number  of  strains  of  Saccharo- 
myces  cerevisUie  suited  to  different  uses,  e.g.,  bread  strains,  beer  strains, 
wine  strains,  and  high-alcohol-producing  strains  or  varieties. 


CL.\SSIFICATIOX  AND  IDENTIFICATION  OF  YEASTS 

Yeasts  belong  to  the  division  Fungi  and  phvlum  Eumycophyta  (Figure 
2-2).  True  veasts  are  in  the  class  Ascomveetes  (a  few  are  Basidio- 
mycetes),  and  the  false,  or  asporogenous,  yeasts  are  in  the  class  Fungi 
Irnperfecti.  Further  subdivisions  are  shown  in  Figure  2-2. 

The  principal  bases  for  the  identification  and  classification  of  genera 
of  veasts  are  as  follows: 

1.  Whether  or  not  ascospores  are  formed. 

2.  If  thev  are  spore-forming 

a.  The  method  of  production  of  ascospores: 

(1)  Produced  without  conjugation  of  veast  cells  (parthenoge- 
netically).  Spore  formation  may  be  followed  bv  («)  conjuga¬ 
tion  of  ascospores  or  (/>)  conjugation  of  small  daughter  cells. 

(2)  Produced  after  isogamic  conjugation  (conjugating  cells  ap¬ 
pear  similar). 

(3)  Prochiced  by  heterogamic  conjugation  (conjugating  cells 
differ  in  appearance). 
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b.  Appearance  of  ascospores:  shape,  size,  and  color.  Most  spores 
are  spheroidal  or  ovoid,  but  some  have  odd  shapes,  such  as  those  of 
most  species  of  Hansenula,  which  look  like  derby  hats  (Figure 
2-l,F.). 

c.  The  usual  number  of  ascospores  per  ascus:  one,  two,  four,  or 
eight. 

3.  Appearance  of  vegetative  cells:  shape,  size,  color,  inclusions. 

4.  Method  of  asexual  reproduction: 
a.  Budding. 

h.  Fission. 

c.  Combined  budding  and  fission. 

d.  Arthrospores  (oidia). 

5.  Production  of  a  mycelium,  pseudomvcelium,  or  no  mycelium. 

6.  Growth  as  a  film  over  surface  of  a  liijufd  (film  yeasts)  or  growth 
throughout  medium. 

7.  Color  of  massed  growth. 

8.  Physiological  characteristics  (used  primarilv  to  differentiate  species 
or  strains  within  a  species ) : 

a.  Nitrogen  and  carlion  sources. 

b.  Oxidative  or  fermentative:  film  veasts  are  considered  oxidative, 
and  other  yeasts  fermentati\'e. 


YEASTS  OF  INDUSTRIAL  IMPORTANCE 
True  Yeasts  ( Class  Ascomycetes ) 

Most  yeasts  used  industrially  are  ascomvcetes,  and  most  are  in  the 
genus  Saccharonujces.  The  term  “wild  veast”  is  applied  to  anv  veast 
other  than  the  one  being  used  or  encouraged.  Thus  a  yeast  emploved  in 
one  process  could  be  a  wild  yeast  in  another.  Many  of  the  troublesome 
wild  yeasts  are  asporogenous,  or  false,  yeasts. 

Genus  Endomijces.  E.  vernalis  is  one  of  the  yeasts  that  has  been  used 
during  war  periods  for  the  synthesis  of  fats.  E.  fibidiger  has  been  grown 
for  its  amylase  content. 

Genus  Sehizosaeeharomyces.  These  yeasts,  which  reproduce  asexuallv 
by  fission,  have  been  found  in  tropical  fruits,  molasses,  soil,  insects,  and 
elsewhere. 

Genus  Saceharonujces.  Only  a  few  species  of  this  important  genus  will 
be  mentioned.  The  leading  species,  S.  eerevisiae,  is  employed  in  many 
food  industries,  with  special  strains  being  used  for  the  lea\’ening  of 
bread  (Figure  2-3),  as  top  or  bottom  yeasts  for  ale  or  beer,  for  wines, 
and  for  the  production  of  alcohol,  glycerol,  or  invertase.  Top  yeasts 
clump  together  during  growth,  collect  carbon  dioxide,  and  are  buoyed 


EUMYCOPHYTA  (true  fungi) 


f 


O 

Cj 

o 

e$ 

•4^ 

u 

C  “ 

o 

u 

c3 

o 

Cj 

Oi 


00 

CQ  ^ 

^  JS  P 

^  S  o 
S  g  a. 
?  «  S 

-cop 

o  <3  b 
o  «o  O 

2.  ^ 


N 


0 

a 

0 

0 

0$ 

w 

2;  -< 

CO 

a> 

S'  ^ 

>> 

a 

^  i 

5« 

0 

c 

fe!  ”6 

w 

02 

U 

V 

S  o 
.2  ^ 
QJ  O 

o 

>>  = 


«  o  - 

03  '2  C 
a>  3 

^  -j- 

03  ^ 

03  ft  0-. 


O 


03 

03 

03  C3  *-> 
>>3  o 

a  .2  § 

r3  ft  2 

<  H  2 

c*  rs 


.2 

k. 

35 


Cl 


tic 

5u 


CO 

CO 

<3 


'ai 

Q 


>- 

j 

< 

U4 


n 

y: 

w 

o 


32 


33 


Yeasts  and  Y  cast  I  ike  Fungi 

up  to  the  surface  of  the  fermenting  liquid,  from  which  they  can  be 
skimmed.  Bottom  yeasts  do  not  clump  but  settle  to  the  bottom  of  the 
liquid  following  the  period  of  active  growth.  S.  cerevisiae  var.  ellipsoi- 
deiis  is  a  high-alcohol-yielding  variety  used  to  produce  industrial  alco¬ 
hol,  wines,  or  distilled  liquors.  S.  carhhergensis  is  a  brewers’  yeast,  and 
S.  fragdis,  because  of  its  ability  to  ferment  lactose,  may  be  important  in 
milk  or  milk  products. 


\  3-  Photomicrograph  of  budding  Saccharonujees  cerevisiae  yeasts  (bread 
yeasts).  {Courtesy  of  Red  Star  \east  and  Products  Company.) 


Genus  Zygosaccharomtjees.  Some  workers  consider  this  a  subgenus  of 
Saccharomyces.  These  yeasts  are  notable  for  their  ability  to  grow  in  high 
concentrations  of  sugar  ( hence  are  termed  osmophilic )  and  are  involved 
m  the  spoilage  of  honey,  sirups,  and  molasses  and  in  the  fermentation  of 

in  hon™^^  species  found  growing  ^ 

Genera  of  Fihn  Yeasts.  The  genera  Pielna,  Hansenah,  and  Dehanto- 
nujees  (as  we  1  as  Mtjeoderma  and  Candida  of  the  false,  or  asporogenous, 
yeasts)  are  film  yeasts  which  grow  on  the  surface  of  acid  products  like 
sauerkraut  and  pickles  (Figure  2-4).  oxidize  the  organic  adds,  and  en¬ 
able  less  acid-tolcrant  organisms  to  continue  the  spoilage.  Uamenula  and 
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Pichia  tolerate  high  amounts  of  alcohol  and  may  oxidize  it  in  alcohohc 
beverages.  Pichia  species  are  encouraged  to  grow  on  Jerez  and  Arbois 
wine,  to  which  they  are  supposed  to  impart  distinctive  flavors  of  esters. 
Dcbaryonujccs  is  very  salt-tolerant  and  can  grow  on  cheese  brines  with  as 
much  as  24  percent  salt.  The  film  yeasts  produce  little  or  no  alcoliol 

from  sugars. 

Genera  of  Apicukite  Yeasts.  The  genera  Saccharomycodes  and  Ilan- 
seuiaspora  (and  the  false  yeast  Kloeckera)  are  apiculate  yeasts,  so  called 


Fig.  2—4.  Wrinkled  growth  of  typical  film  yeast  from  pickle  fermentation.  (Courtesy 
of  J.  L.  Etchclls  and  I.  D.  Jones,  Glass  Packer,  30  (5):  358-360,  1951.) 

because  cells  are  lemon-shaped,  with  a  nipplclike  projection  at  each  end. 
These  yeasts  are  considered  objectionable  in  wine  fermentations  be¬ 
cause  they  give  ofl-flav'ors  and  low  yields  of  alcohol. 

False  Yeasts  (Class  Fungi  Imperfecti) 

The  film  yeasts  and  apiculate  yeasts  of  this  class  have  been  mcntionetl 
in  the  discussion  of  true  veasts. 

Genus  Cryptococcus  {Torula,  Torulopsis).  Within  this  important 
genus  iu-e  C.  utilis,  grown  as  a  food  yeast,  and  C.  sphaericus  and  C. 
kefyr,  lactose-fermenting  yeasts. 

Genus  Mycoderma  {Candida  mycoderma).  Species  of  this  film¬ 
forming  yeast  grow  on  wine,  beer,  cheese,  pickles,  sauerkraut,  and  other 
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fermented  products  and  take  part  in  their  spoilage.  These  piobably  are 
asporogenoiis  species  of  Pichia  or  Hansenula. 

Genus  Candida.  These  also  are  film  yeasts.  C.  krusei^is  grown  with 
dairy  staiter  cultures  to  maintain  activity  and  increase  longevity  of  the 
lactic  acid  bacteria.  Some  species,  which  have  been  grouped  under  the 
genus  name  Bretfanomijces,  are  important  in  the  alcoholic  afterfermenta¬ 
tion  of  English  stock  beers  (porter,  stout,  pale  ale)  and  Belgian  lambic 
beers. 

Genus  Geotrichum.  This  genus  has  been  included  with  the  molds  and 
described  there.  G.  candidum  has  been  grown  for  food  and  for  fat  pro¬ 
duction,  and,  as  has  been  stated,  is  important  on  dairy  products. 

Genus  Rhodotorula.  These  pigmented  yeasts  may  cause  discolorations 
on  foods,  for  example,  colored  spots  on  meats  or  pink  areas  in  sauer¬ 
kraut. 

General  Groups  of  Yeasts 

From  the  foregoing  discussion  it  can  be  gathered  that  yeasts  often  are 
placed  in  the  following  groups  that  have  industrial  significance  but 
little  relationship  to  botanical  classification:  the  alcohol  yeasts,  apiculate 
yeasts,  film  yeasts,  osmophilic  yeasts,  food  yeasts,  lactose-fermenting 
yeasts,  etc. 
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CHAPTER  3  Bacteria 


Determinative  bacteriology  (classification  and  identification  of  bacteria) 
is  beyond  the  scope  of  this  book  and  should  be  reviewed  in  textbooks 
on  the  subject.  However,  some  of  the  morphological,  cultural,  and  phys¬ 
iological  characteristics  of  bacteria  will  be  mentioned  briefly  because  of 
their  relationship  to  the  preservation  or  spoilage  of  foods. 

MORPHOLOGICAL  CHARACTERISTICS  IMPORTANT  IN 
FOOD  BACTERIOLOGY 

One  of  the  first  steps  in  the  identification  of  bacteria  in  a  food  would 
be  microscopic  examination  to  ascertain  the  shape,  size,  aggregation, 
structure,  and  staining  reactions  of  the  bacteria  present.  Characteristies 
of  special  significance  might  be: 

Encajjsulation 

The  presence  of  capsules  (Figure  .'^1)  or  slime  could  account  for  slim- 
incss  or  ropiness  of  a  food.  In  addition,  capsules  serv^e  to  increase  the 
resistance  of  bacteria  to  adverse  conditions  such  as  heat  or  chemicals. 
Capsule-forming  bacteria  may  produee  much  slimy  material  under  some 
conditions  and  little  or  none  under  others.  The  factors  that  influence 
growth,  to  be  discussed  in  following  paragraphs,  will  influence  slime 
production. 

Formation  of  Fndospores 

Bacteria  of  the  genera  BociUtis  and  Clostridium  form  endospores  (Fig¬ 
ure  3—2),  but  other  rod  forms  do  not,  nor  do  the  cocci  encountered  in 
foods.  Spores  of  different  bacterial  species  or  even  different  strains  \'ar\- 
widely  in  their  resistance  to  heat  and  other  ad\erse  conditions.  In  gen¬ 
eral,  however,  the  bacterial  spores  are  considerably  more  resistant  to 
heat,  chemicals,  and  other  destnictive  agencies  than  are  the  vegetative 
cells. 


m 


Fig.  3-1.  Photomicrograpli  of  Aerohacter  aero  genes  grown  in  milk,  showing  cap¬ 
sules. 


xig.  o-.i.  rnotomicrograph  showing  terminal  endospores  in  a  bacillus.  The  snore' 

are  clear  m  the  left-hand  field  and  stained  in  th^  right-hand  one.  ( From  J.  Nmcak 

Courtesy  of  Harper  6  Brothers.  From  W.  B.  Sarles  et  al.  Microbiology:  General  ano 
Applied,  2(1  ed.,  copyright,  1956.)  '  i^ncrai  ana 
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Moth  formation  and  germination  of  spores  are  favored  in  general  by 
the  conditions  that  encourage  growth  of  the  vegetative  cells,  although 
the  optimum  range  of  conditions  usually  is  narrower  for  spore  forma¬ 
tion  and  germination  than  for  cell  growth.  Sporulation  takes  place  only 
in  mature  cells  and  is  favored  by  some  cations  and  some  metabolic 
products  and  inhibited  by  others.  Germination  apparently  can  take  place 
in  a  medium  and  under  conditions  that  are  inadequate  for  the  growth 
of  the  resulting  vegetative  cells.  It  has  been  reported,  however,  that 
spores  that  have  been  subjected  to  sublethal  heat-treatments  need  a 
better  culture  medium  for  germination  and  subsequent  growth  than  do 
unheated  spores. 

“Dormancv”  of  spores  has  been  defined  as  delayed  germination  under 
favorable  conditions  for  it.  Recent  work  has  indicated,  however,  that 
dormancy,  as  just  defined,  does  not  exist,  and  that  spores  fail  to  germi¬ 
nate  because  of  unfavorable  conditions,  such  as  inhibitors  in  the  en¬ 
vironment  or  lack  of  essential  nutrients,  e.g.,  amino  acids  or  other  com¬ 
pounds,  or  because  spores  may  germinate  and  fail  to  “grow  out.”  Foster 
and  Wynne  have  reported  that  oleic  and  linoleic  acids  inhibit  germina¬ 
tion  and  that  starch  counteracts  this  effect.  Delayed  germination  of 
spores  for  from  a  few  days  to  many  months  have  been  reported,  often 
following  heating  of  the  spores.  For  example,  “dormanev”  for  from  a 
few  days  to  3  or  4  months  has  been  announced  for  spores  of  Bacillus 
megaterium  (by  Magoon)  and  for  15  days  to  72  months  for  spores  of 
Cdostridium  hofidinum  (various  authors). 

Formation  of  Cell  Aggrecates 

ft  is  characteristic  of  some  bacteria  to  form  long  chains  and  of  others 
to  clump  under  certain  conditions.  It  is  more  difficult  to  kill  all  bacteria 
in  intertwined  chains  or  sizable  clumps  than  to  destroy  separate  cells. 


CULTl  R AL  CHARACTERISTICS  IMPORTANT 
IN  FOOD  BACTERIOLOGY 

bacterial  growth  in  and  on  foods  often  is  extensive  enough  to  make  the 
food  unattractive  in  appearance  or  otherwise  objectionable.  Pigmented 
bacteria  cause  discolorations  on  the  surfaces  of  foods;  films  mav  cover 
the  surfaces  of  lifjuids;  or  growth  throughout  the  h(|uids  may  residt  in 
undesirable  cloudiness  or  sediment. 


PIIVSIOLOGICAL  CHARACTERISTICS  IMPORTANT  IN 
FOOD  BACTERIOLOGY 


The  b  acteriologist  is  concerned 
teria  (and  other  microorganisms) 


with  the  growth  and  activity  of  bac- 
in  foods  and  with  the  accompanving 
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chemical  changes.  These  changes  include  hydrolyses  of  complex  carbo¬ 
hydrates  to  simple  ones,  of  proteins  to  polypeptides,  ammo  acids,  anc 
ammonia  or  amines,  and  of  fats  to  glycerol  and  fatty  acids.  Oxidation- 
reduction  reactions  which  are  utilized  by  the  bacteria  to  obtain  energy 
from  foods  (carbohydrates,  other  carbon  compounds,  simple  nitrogen- 
carbon  compounds,  etc.),  yield  products  such  as  organic  acids,  alcohols, 
aldehydes,  ketones,  and  gases.  These  changes  will  be  discussed  in  more 
detail  in  chapters  to  follow.  A  knowledge  of  the  factois  that  favoi  oi 
inhibit  the  growth  and  activity  of  bacteria  is  essential  to  an  understand¬ 
ing  of  the  principles  of  food  preservation  and  spoilage. 

Factors  Influencing  Bacterial  Growth 

The  chief  environmental  factors  that  influence  the  growth  of  bacteria 
are  food,  moisture,  temperature,  hydrogen-ion  concentration,  oxidation- 
reduction  potential,  and  presence  of  inhibitor)'  substances.  While  each  of 
these  factors  is  important,  it  is  the  combination  of  all  of  them  that  de¬ 
termines  which  microorganism  will  grow  and  how  rapidly  it  will  grow, 
and  what  changes  will  be  produced  and  at  what  rate. 

Food.  Each  kind  of  bacterium  (or  other  microorganism)  has  a  definite 
range  of  food  requirements.  For  some  species  that  range  is  wide,  and 
growth  takes  place  in  a  variety  of  substrates,  as  is  true  for  coliform  bac¬ 
teria,  but  for  others,  e.g.,  many  of  the  pathogens,  the  range  is  narrow, 
and  the  organisms  can  grow  in  only  a  limited  number  of  kinds  of  sub¬ 
strates.  Thus,  bacteria  differ  in  the  foods  that  they  can  utilize  for  energy: 
some  can  use  a  variety  of  carbohydrates,  e.g.,  the  coliform  bacteria  and 
Clostridium  species,  and  others  only  one  or  two  (many  Pseudomonas 
species),  while  some  can  use  other  carbon  compounds  like  organic  acids 
and  their  salts,  alcohols,  and  esters  (Pseudomonas  species).  Some  can 
hydrolyze  complex  carbohydrates,  while  others  cannot.  Likewise,  the 
nitrogen  requirements  of  bacteria  such  as  Pseudomonas  species  may  be 
satisfied  by  simple  compounds  such  as  ammonia  or  nitrates;  or  more 
complex  compounds  like  amino  acids,  peptides,  or  proteins  may  be  uti¬ 
lized  or  even  reejuired,  as  is  true  for  the  lactics.  Bacteria  also  var\'  in  their 
need  for  vitamins  or  accessory  growth  factors;  some  (Staphi/Ioeoccus 
aureus)  synthesize  part  and  others  (Pseudomonas  or  Eseheriehia  coli) 
all  of  the  factors  needed,  while  still  others  must  have  them  all  furnished 
( the  lactics  and  many  pathogens ) . 

Moisture.  In  general,  bacteria  require  more  available  moisture  than  do 
yeasts  or  molds.  It  should  be  emphasized  that  the  amount  of  available 
moisture  and  not  total  moisture  determines  the  lower  limit  of  moisture 
for  growth.  Water  is  made  unavailable  in  various  ways: 

1.  Solutes  tie  up  moisture  as  water  of  solution,  therefore  an  increase 
in  the  concentration  of  dissolved  substances,  like  sugars  and  salts,  is  in 
effect  a  drying  of  the  material.  Not  only  is  water  tied  up  by  solutes,  but 
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there  is  a  tendency  to  remove  water  from  the  bacterial  cells  by  osmosis 
if  there  is  a  higher  concentration  of  solute  outside  the  cells  than  inside. 
Most  bacteria  can  grow  only  in  low  concentrations  of  sugar  or  salt,  al¬ 
though  there  are  notable  exceptions  that  will  be  mentioned  later.  Cul¬ 
ture  media  for  most  bacteria  contain  not  more  than  1  percent  of  sugar 
and  0.85  percent  of  sodium  chloride  (“physiological  salt  solution”);  as 
little  as  3  to  4  percent  sugar  and  1  to  2  percent  salt  may  inhibit  some 
bacteria. 

2.  Hydrophilic  colloids  (gels)  make  water  unavailable.  .\s  little  as 
3  to  4  percent  agar  in  a  medium  mav  prevent  bacterial  growth  bv 
leaving  too  little  available  moisture. 

3.  Water  of  crystallization  or  hydration  is  unavailable  to  bacteria. 
Water  itself,  when  crystallized  as  ice,  no  longer  can  be  used  by  bacterial 
cells. 

Most  bacteria  grow  well  in  a  medium  with  a  water  activ'itv,  or  (see 
Chapter  1),  approaching  1.00,  at  0.995  to  0.998,  for  example.  The  opti¬ 
mum  a,r,  and  the  lower  limit  for  growth  v^ary  with  the  bacterium,  as  well 
as  with  food,  temperature,  pH,  and  presence  of  oxygen  and  inhibitors, 
and  would  be  lower  for  bacteria  able  to  grow  in  high  concentrations  of 
sugar  or  salt.  Examples  of  reported  lower  limits  of  r?,,,  for  growth  of  some 
food  bacteria  are  0.97  for  Pseudomonas,  0.96  for  Achromohacter,  0.96 
for  Escherichia  coli,  0.95  for  Bacillus  std)filis,  0.945  for  Aerohacter  aero- 
genes,  0.86  for  Sfaphylococeus  aureus,  and  0.95  for  Closfridiiim  hofti- 
linum.  Other  bacteria  will  grow  with  the  a,r  below  0.90.  These  figures 
would  be  different  under  other  conditions  of  growth  than  those  used  in 
obtaining  the  values.  Some  optimum  r/,,,  figure^  .-eported  for  food  bacteria 
are  0.99  to  0.995  for  Staphylococcus  aureus  and  Salmonella  .9pp.,  0.995 
for  Escherichia  coli,  and  0.982  for  Streptococcus  faecalis. 

Temperature.  Each  bacterium  (or  yeast  or  mold)  has  an  optimum 
temperature,  at  which  it  grows  b(\st,  a  minimum  temperature,  which  is 
the  lowest  one  at  which  growth  will  occur,  and  a  maximum  temperature, 
which  is  the  highest  one  at  which  cells  will  div’ide.  Bacteria  which  grow 
well  at  low  temperatures  are  called  psychro|)hilic  (cryo|)hilic ),  or  low- 
temperature,  organisms.  Most  of  these  would  be  considered  mesophilic 
on  the  basis  of  their  optimum  temperatures.  Thev  grow  \9t11  at  refrig¬ 
erator  temperatures  and  some  have  been  reported  to  be  able  to  grow  at 
temperatures  as  low  as  —5  to  — T^C  (23  to  19.4"F).  Bacteria  with  an 
optimum  temperature  between  20  and  45°C  are  mesophilic,  and  those 
with  an  optimum  above  4.5°C  are  termed  thermoj)hilic.  Small  differences 
in  the  temperature  at  which  a  food  is  held  may  result  in  the  growth  of 
entirely  different  microorganisms  and  hence  in  different  changes  in  the 
food. 

Hydrogen-ion  Concentration.  Hy(Trogen-ion  concentration,  usually  ex- 
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pressed  as  pH,  often  determines  the  kind  of  bacterium  to  grow  m  a  food 
and  the  changes  produced.  Each  organism  has  its  o^^m  optimum,  mini¬ 
mum,  and  maximum  pH  for  growtli.  Most  bacteria  grow  best  at  a  pH 
near  neutrality,  but  some  are  favored  by  an  acid  reaction,  and  a  few 
kinds  can  grow  in  fairly  acid  or  alkaline  media. 

Oxidation-reduction  Potential.  On  the  basis  of  their  processes  of  res¬ 
piration,  bacteria  are  classified  as  aerobic  if  they  require  uncombined 
oxygen,  anaerobic  if  they  do  not  recpiire  free  oxygen  and  grow  better  in 
its  absence,  and  facultative  if  they  grow  either  with  or  without  free 
oxygen.  Microacrophilic  bacteria  require  a  definite  but  small  amount  of 
free  oxygen.  Oxidizing  or  reducing  substances  in  a  medium  will  tend  to 
poise  it  at  a  level  favorable  for  aerobic  or  anaeiobic  bacteiia,  lespec- 
tively.  Thus  KNO3  in  cured  meat  would  poise  it  at  a  more  oxidized  level 
than  that  of  meat  without  nitrate;  but  if  the  nitrate  were  reduced  to 
nitrite,  the  meat  would  be  more  reduced,  i.e.,  at  a  lower  oxidation-reduc¬ 
tion  potential.  Exposure  of  a  food  to  free  oxygen  (air)  results  in  a  rise 
in  the  oxidation-reduction  potential  at  the  surface  and  will  affect  the 
interior  at  a  rate  that  will  depend  upon  the  rate  of  penetration  of  the 
o.xvgen  and  the  poising  power  of  the  food. 

Inhibitorif  Sid)stances.  Products  produced  by  bacteria  during  growth 
will,  in  time,  slow  dowm  or  stop  that  growth,  and  may  be  inhibitory  to 
the  multiplication  of  other  organisms.  Natural  foods  may  contain  com¬ 
pounds  that  inhibit  some  organisms  more  than  others,  for  example,  the 
benzoic  acid  in  cranberries.  Inhibitoiy  substances  added  during  the 
processing  of  foods  may  check  the  growth  of  most  microorganisms  or  at 
least  of  undesirable  ones,  for  instance,  propionates  added  to  bread  to 
inhibit  molds  and  rope  bac^3ria. 

BACTERIOPHAGES 

Bacteriophages  are  viruses  that  cause  disease  of  bacteria,  resulting  in 
disintegration  of  the  cells.  To  date,  most  food  industries  have  not  had 
trouble  with  phage,  the  exception  being  the  dairy  industry,  where  phages 
may  attack  some  of  the  starter  bacteria  used  to  produce  lactic  acid  dur¬ 
ing  the  manufacture  of  cheese  and  cultured  buttermilk.  Phage  has  been 
encountered  in  some  of  the  fermentation  industries,  e.g.,  in  the  produc¬ 
tion  of  streptomycin  and  of  acetone  and  butyl  alcohol. 


GENERA  OF  BACTERIA  IMPORTANT  IN  FOOD  BACTERIOLOGY 

The  discussion  to  follow  will  emphasize  the  characteristics  of  genera 
of  bacteria  that  make  them  important  in  foods  and  give  less  attention  to 
the  characteristics  used  in  their  classification  and  identification.  The 
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classification  given  in  “Bergey’s  Manual  of  Determinative  Bacteriology,” 
seventh  edition,  1957,  will  be  followed. 

All  food  bacteria  are  included  in  the  class  Schizomycetes  and  most  of 
them  in  the  orders  Pseudomonadales  and  Eubacteriales.  Of  the  higher 
bacteria,”  some  in  the  orders  Actinomycetales  and  Chlamydobacteriales 
will  .be  mentioned.  Most  of  the  bacteria  of  importance  in  foods  are  in 
the  following  families:  Pseudomonadaceae,  Achromobacteraceae,  Entero- 
bacteriaceae,  Micrococcaceae,  Brevibacteriaceae,  Lactobacillaceae,  Pro- 
pionibacteriaceae,  Corvnebacteriaceae  and  Bacillaceae.  Another  family, 
Bnicellaceae,  contains  some  of  the  human  pathogens  that  may  contam¬ 
inate  foods. 

Pseudomonadaceae 

This  familv  includes  the  genus  Pseudomonas,  species  of  which  are 
important  spoilage  bacteria,  the  genus  Acetohacter  containing  the  vin¬ 
egar  bacteria,  the  genus  Photohacterium  of  luminescent  bacteria,  and 
the  genus  Halohacterium  of  obligate  halophiles. 

Pseudomonas.  A  number  of  species  of  Pseudomonas  (Figure  3—3)  can 
cause  food  spoilage.  Tliese  bacteria  are  Gram-negative,  usually  motile, 
asporogenous  rods.  The  motile  forms  have  one  flagellum  or  a  group  of 
flagella  at  one  end  or  both  ends  of  the  rod,  distinguishing  them  from 
motile  Achromohacter  species,  in  which  the  flagella  are  scattered  over 
the  surface  of  the  cell.  It  is  probable  that  spoilage  of  foods  often  has 
been  attrilnited  wrongly  to  Achromohacter  rather  than  to  Pseudomonas 
because  the  tvpe  of  flagellation  has  not  been  ascertained. 

Characteristics  of  some  of  the  Pseudomonas  species  that  make  them 
important  in  foods  are  ( 1 )  their  abilitv  to  utilize  a  large  variety  of  non- 
carbohvdrate  carbon  compounds  for  energy  and  their  inability  to  use 
most  carbohvdrates;  (2)  their  abilitv  to  produce  a  variety  of  products 
that  affect  flavor  deleteriously;  (3)  their  ability  to  use  simple  nitrogenous 
foods;  (4)  their  ability  to  synthesize  their  own  growth  factors  or  vita¬ 
mins;  (5)  the  proteolytic  and  lipolytic  activity  of  some  species;  (6)  their 
aerobic  tendencies,  enabling  them  to  grow  rapidlv  and  produce  oxidi.  1 
products  and  slime  at  the  surfaces  of  foods,  where  heavy  contaminati(  • 
is  most  likely;  (7)  their  abilitv  to  grow  well  at  low  (refrigeration) 
temperatures;  and  (8)  pigment  pioduction  by  some  species,  such  as  the 
greenish  to  oli\e-brown  colors  of  Pseudomonas  jiuorcscens,  and  white, 
cream-colored,  reddish,  or  even  black  (P.  nigrifacicns)  colors  of  other 
species. 

Tlie  pseudomonads  often  are  added  to  foods  by  water,  soil,  utensils, 
and  e(|uipment,  and  their  presence  is  undesirable. 

.\cctohacter.  These  acetic  acid  producing  bacteria  oxidize  ethyl  alcohol 
to  acetic  acid,  and  other  organic  compounds  to  other  oxidation  products. 
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Some  species  can  oxidize  acetic  acid  and  others  cannot.  They  are  motile 
or  nonmotile,  Gram-negative  to  Gram-variable,  asporogenous,  aerobic 
rods,  usually  catalase-positive.  Formerly  some  of  the  acetic  acid  bacteria 
were  classified  as  species  of  Bacterium.  Characteristics  that  make  the 
acetic  acid  bacteria  important  are  ( 1 )  their  ability  to  oxidize  ethyl  alco¬ 
hol  to  acetic  acid,  making  them  useful  in  vinegar  manufacture  and  harm¬ 
ful  in  alcoholic  beverages;  (2)  their  strong  oxidizing  power,  which  may 
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Fig.  3-3.  Photomicrograph  of  Pseudomonas  fitoresccns. 

j  result  in  the  oxidation  of  the  desired  product,  acetic  acid,  by  undesirable 
species  or  by  desirable  species  under  unfavorable  conditions;  this  oxi¬ 
dizing  power  may  be  useful,  as  in  the  oxidation  of  D-sorbitol  to  L-sorbose 
in  the  preparation  of  ascorbic  acid  by  synthetic  methods  (Chapter  29); 
and  (3)  excessive  sliminess  of  some  species,  e.g.,  Acetobacter  xylimim, 
that  clog  vinegar  generators. 

Photobacterium.  The  genus  includes  coccobacilli  and  rods  that  are 
luminescent.  Photobacterium  phosphoreum,  for  example,  has  been  known 
to  cause  phosphorescence  of  meats  and  fish. 
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Halohacteriiini.  Rod-shaped  bacteria  of  this  genus  are  obligate  halo- 
philes  and  are  usually  chroinogenic.  They  may  grow  and  cause  discolor¬ 
ations  on  foods  high  in  salt,  such  as  salt  fish. 

Achromobacteraceae 

Three  genera  of  this  family,  Alcaligenes,  Achromohacter,  and  Flavo- 
hacteriftm,  enter  foods  and  may  grow  there.  These  bacteria  are  small  to 
medium-sized  rods  that  are  Gram-negativ^e  and  aerobic  to  facultative.  If 
motile,  the  cells  have  flagella  scattered  ov^er  their  surface.  Carbohydrates 
usually  are  not  attacked,  but  if  so  the  action  of  the  bacteria  is  feeble.  A 
number  of  species  are  psychrophilic. 

Alcaligenes.  As  the  name  suggests,  an  alkaline  reaction  usually  is  pro¬ 
duced  in  the  medium  of  growth.  Alcaligenes  viscolactis  (viscosus)  causes 
ropiness  of  milk,  and  A.  metalcaligenes  gives  a  slimy  growth  on  cottage 
cheese.  These  organisms  come  from  manure,  feeds,  soil,  water,  and  dust. 

Achromohacter.  These  unpigmented  water  or  soil  bacteria  often  are 
confused  with  Pseudomonas,  as  has  been  previously  indicated.  It  seems 
probable  that  the  pseudomonads  are  more  often  the  cause  of  spoilage  of 
meats,  fish,  poultry,  and  eggs  than  Achromohacter,  but  the  latter  prob¬ 
ably  is  involved  in  the  production  of  slimy  growth  on  foods  at  times. 

Flavohacteriiim.  The  yellow-  to  orange-pigmented  species  of  this 
genus  may  cause  discolorations  on  the  surface  of  meats  and  be  in\’olved 
t  in  the  spoilage  of  shellfish,  poultry,  eggs,  butter,  and  milk.  Some  of  these 
organisms  are  psychrophiles  and  have  been  found  growing  on  thawing 
vegetables. 

Enterobacteriaceae 

In  this  family  the  genera  Escherichia,  Aerohactcr,  Erwinia,  Serratia, 
Proteus,  Salmonella,  and  Shigella  are  of  interest.  The  familv  includes 
Gram-negative,  asporogenous,  rod-shaped  bacteria  that  grow  well  on  and 
in  artificial  media.  The  first  two  genera  are  important  saprophvtes  in 
foods,  and  the  last  three  genera  consist  chiefly  of  pathogens. 

Escherichia  and  Aerohactcr.  These  genera  of  the  tribe  Eschcrichieae 
ferment  lactose  with  the  production  of  acid  and  gas.  The  two  genera  to¬ 
gether  are  called  the  coliform,  or  colon-aerogenes,  group  and  the  organ¬ 
isms  are  called  coliform  bacteria.  The  coliform  bacteria  are  short  rods 
that  are  defined  in  standard  methods  for  the  examination  of  both  water 
and  milk  as  all  aerobic  and  facultative  anaerobic,  Gram-negati\’e,  non¬ 
spore-forming  bacteria  which  ferment  lactose  with  gas  formation.”  The 
two  leading  species  of  coliform  bacteria  are  Escherichia  coli  (Figure 
3-4)  and  Aerohactcr  aerogcncs,  and  bt^ause  E.  coli  is  considered  to  be 
primarily  of  intestinal  origin,  whereas  A.  aerogcncs  is  commonly  of  plant 
origin  (although  occasionally  from  the  intestines),  methods  for  distin- 
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giiishing  between  the  two  species  have  been  developed.  E.  coli  produces 
more  acid  in  a  glucose  broth  as  indicated  by  methyl  red  indicator,  forms 
indole  but  not  acetylmethylcarbinol,  yields  carbon  dioxide  and  hydiogen 
in  the  ratio  1:1,  and  cannot  utilize  citrate  as  a  sole  source  of  carbon. 
A.  aerogenes  produces  less  acid,  forms  acetylmethylcarbinol  but  not 
indole,  yields  carbon  dio.xide  and  hydrogen  in  the  ratio  of  about  2.1,  and 
utilizes  citrate  as  a  sole  source  of  carbon.  It  also  usually  produces  more 
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;  Fig.  3-4.  Photomicrograph  of  Escherichia  coli. 

total  gas  than  E.  coli  and  therefore  is  the  more  dangerous  gas-producing 
organism  in  cheese,  milk,  and  other  foods.  Both  species  ferment  sugars 
to  yield  lactic  acid  (more  from  E.  coli),  ethyl  alcohol,  acetic  and  suc- 
I  cinic  acids,  carbon  dioxide,  and  hydrogen.  A  number  of  coliform  bacteria 
are  intermediate  between  E.  coli  and  A.  aerogenes  in  their  characteristics. 
The  coliform  bacteria  are,  in  general,  undesirable  in  foods,  for  their 
j  presence  in  some  foods — water  and  oysters  for  example — is  considered 
to  be  indicative  of  sewage  contamination  and  hence  of  the  possible  pres¬ 
ence  of  enteric  pathogens;  and  growth  in  foods  results  in  their  spoilage. 
Some  of  the  characteristics  that  make  the  coliform  bacteria  important 
:  m  food  spoilage  are  ( 1 )  their  ability  to  grow  well  in  a  variety  of  sub- 
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strates  and  to  utilize  a  number  of  carbohydrates  and  some  otlier  organic 
compounds  as  food  for  energy  and  a  number  of  fairly  simple  nitrogenous 
compounds  as  a  source  of  nitrogen;  (2)  their  ability  to  synthesize  most  of 
the  necessary  vitamins;  (3)  the  ability  of  the  group  to  grow  well  over  a 
fairly  wide  range  of  temperature's,  from  below  1()°C  (50°F)  to  about 
46°C  (114.8°F);  (4)  their  abilitv  to  produce  conside^rable  amounts  of 
acid  and  gas  from  sugars;  (5)  their  ability  to  cause  off-flav'ors,  often 
described  as  “unclean”  or  “barny”;  and  (6)  the  ability  of  A.  aerogenes  to 
cause  sliminess  or  ropiness  of  foods, 

ErwinUi.  The  species  of  this  genus  are  plant  pathogens  that  cause 
necrosis,  galls,  wilts,  or  soft  rots  in  plants  and  therefore  damage  the 
plants  and  vegetable  or  fruit  products  from  them.  Erwinin  carotovora 
will  be  mentioned  as  the  cause  of  a  market  disease  called  bacterial  soft 
rot  (Chapter  20).  The  organisms  are  motile.  Gram-negative  rods. 

Serratia.  Bacteria  of  this  genus  are  small,  aerobic.  Gram-negative, 
motile  rods  that  produce  characteristic  red  pigments  and  therefore  cause 
red  discolorations  on  the  surfaces  of  foods.  Serratia  marcescens  is  the 
species  most  commonly  encountered. 

Proteus.  Bacteria  of  this  genus  are  straight.  Gram-negative,  motile 
rods.  They  have  been  found  to  be  invoK^ed  in  the  spoilage  of  meats,  sea¬ 
food,  and  eggs,  and  sometimes  give  a  putrefactive  odor.  The  presence  of 
these  bacteria  in  large  numbers  in  unrefrigerated  foods  has  made  them 
suspects  as  causes  of  food  poisoning.  Acid  and  gas  are  produced  from 
sugars.  Proteus  vulgaris  is  a  common  species. 

Salmonella.  Some  species  of  these  enteric  pathogens  (e.g..  Salmonella 
enteriti(lis)  can  grow  in  foods  and  cause  food  infections,  and  others  are 
commonlv  onlv  transported  bv  foods,  e.g.,  S.  typhosa,  the  cause  of  ty¬ 
phoid  fever,  and  S.  parati/phi,  causing  the  B  type  of  paratyphoid  fever. 

Shigella.  Pathogenic  species  of  Shigella,  causing  bacillary  dysenteries, 
may  be  transported  by  foods. 

Brucellaceac 

This  familv  is  mentioned  onlv^  because  some  of  the  pathogenic  bacteria 
in  it  mav  be  transmitted  through  foods:  Pasteurella  tularensis  from 
sfjuirrels  or  rabbits  can  cause  human  tularemia,  or  Brucella  spwies  from 
food  animals  can  cause  brucellosis. 

M  icrococcaceae 

The  important  genera  in  this  familv  are  Micrococcus  and  Staphylo¬ 
coccus,  althougli  Sarcina  may  be  encountered  occasionallv  in  foods. 

Micrococcus.  The  micrococci  are  spherical  cells  arranged  in  irregular 
masses  but  nev('r  in  packets.  Most  of  the  species  prominent  in  foods  are 
Gram-positive,  aerobic,  and  catalase-positive.  Thev  have  an  optimum 
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I  temperature  around  25  to  30°C  (77  to  86°F)  and  grow  well  on  ordinary 
j  laboratory  culture  media.  Otherwise,  it  is  dilficult  to  generalize  about 
j  their  characteristics,  which  may  differ  considerably  from  species  to  spe- 
I  cies.  Characteristics  that  make  various  groups  of  micrococci  important  in 
1  foods  are  ( 1 )  some  species  can  utilize  ammonium  salts  or  other  simple 
nitrogenous  compounds  as  sole  source  of  nitrogen;  (2)  most  species  can 
ferment  sugars  with  the  production  of  moderate  amounts  of  acid;  (3) 
some  are  acid-proteolytic  {Micrococcus  freudcnrcichii)  (Figure  3-5); 


Fig.  3—5.  Pliotoniicrograph  of  Micrococcus  frciideiireiciiii. 


(4)  some  are  very  salt-tolerant  and  hence  able  to  grow  at  relatively  low 
levels  of  available  moisture;  these  grow  in  meat-curing  brines,  brine 
tanks,  etc.;  (5)  many  are  thermoduric,  that  is,  survive  the  pasteuriza¬ 
tion  treatment  given  market  milk  {M.  varians);  (6)  some  are  pigmented 
and  discolor  the  surfaces  of  foods  on  which  they  grow;  M.  fiavus  is  yel- 
I  low,  for  example,  and  M.  roseus  is  pink;  and  (7)  some  of  the  micrococci 
can  grow  fairly  well  at  temperatures  around  10°C  (50°F). 

Micrococci  are  widespread  in  occurrence  in  nature  but  have  been  iso- 
I  lated  most  often  from  dust  and  water.  They  often  are  found  on  inade¬ 
quately  cleaned  and  sanitized  food  utensils  and  ecjuipment. 
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Staphylococcus.  The  Gram-positive  staphylococci  grow  singly,  in  pairs, 
in  tetrads,  or  in  irregular,  grapelike  clusters.  The  most  important  species. 
Staphylococcus  aureus,  usually  gives  yellow  to  orange  growth,  although 
it  may  be  white  on  occasion.  The  species  requires  an  organic  source  of 
nitrogen  and  is  facultative  in  oxygen  requirements.  Many  of  the  coagu- 
lase-positive  strains  are  pathogenic,  and  some  produce  an  enterotoxin  to 
cause  food  poisoning. 

Brevibacteriaccae 

The  genus  of  this  family  of  chief  interest  is  Brevihacterium,  which 
includes  a  number  of  species  formerly  placed  in  the  genus  Bacterium. 
Bacteria  of  the  genus  are  asporogenous.  Gram-positive,  motile  or  non- 
motile  rods,  some  distinctly  rod-shaped  and  others  almost  coccoid.  This 
is  a  heterogenous  group  of  bacteria  that  differ  in  their  ability  to  attack 
carbohydrates,  their  oxygen  requirements,  etc.  Two  pigmented  species, 
Brevihacterium  linens  and  B.  erythrogenes,  may  be  important  in  the  sur¬ 
face  smears  of  certain  cheeses,  e.g.,  brick  or  Limburger,  where  they 
giv^e  orange  to  red  pigmentation  and  aid  in  ripening. 

Lactobacillaccae 

The  very  important  food  bacteria  in  this  family  are  called  the  lactic 
acid  bacteria,  or  “lactics.”  Members  of  the  family  are  long  or  short  rods 
or  cocci  that  divide  like  rods  in  one  plane  only,  and  are  nonmotile, 
microaerophilic.  Gram-positive,  and,  for  the  most  part,  catalase-negative. 
They  giv^e  poor  growth  on  most  ordinary  laboratorv  culture  media,  with 
very  little  surface  growth  on  any  medium.  They  need  complex  foods: 
various  vitamins,  an  array  of  amino  acids  or  certain  peptides  for  nitrog¬ 
enous  food,  and  a  fermentable  carbohydrate  for  energy  (most  species). 
They  ferment  sugar  to  chiefly  lactic  acid,  if  they  are  homofermentative, 
plus  small  amounts  of  acetic  acid,  carbon  dioxide,  and  trace  products;  or 
if  they  are  heterofermcntative  they  produce  appreciable  amounts  of 
volatile  products,  including  alcohol,  in  addition  to  lactic  acid.  The  optical 
type  of  lactic  acid  produced  is  characteristic  of  the  organism  and  the 
medium. 

The  most  important  characteristic  of  the  lactic  acid  bacteria  is  their 
ability  to  ferment  sugars  to  lactic  acid.  This  may  be  desirable  in  making 
products  such  as  sauerkraut  or  cheese  but  undesirable  in  the  spoilage  of 
wines.  Because  they  form  acid  rapidlv  and  commonly  in  considerable 
amounts,  they  usually  eliminate  for  the  time  being  much  of  the  competi¬ 
tion  from  other  microorganisms. 

The  cocci  in  this  familv  are  in  the  tribe  Streptococceae  and  the  rods 
in  Lactobacillaceae.  The  three  genera  of  lactic  cocci  important  in  foods 
are  Streptococcus,  Pediococcus,  and  Leuconostoc. 
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Streptococcus.  The  cocci  in  this  genus  are  characteristically  in  pairs, 
in  short  chains,  or  in  long  chains,  depending  upon  the  species  and  the 
conditions  of  growth,  and  all  are  hoinofermentative.  The  streptococci 
may  be  classified  serologically  by  a  precipitin  reaction  into  Lancefield 
types  that  range  from  A  through  O  (with  I  and  J  omitted),  but  ordinarily 
the  streptococci  important  in  foods  are  divided  into  four  groups,  the 
pyogenic,  viridans,  lactic,  and  enterococcus  groups. 

The  pyogenic  group  (pus-producing)  includes  species  of  pathogenic 
streptococci,  of  which  Streptococcus  agalactiae,  a  cause  of  mastitis  in 
cows,  and  Streptococcus  pt/ogencs,  a  cause  of  human  septie  sore  throat, 
scarlet  fever,  and  other  diseases,  are  representatives  that  have  been  en¬ 
countered  in  raw  milk.  The  pyogenic  streptococci  cannot  grow  at  10°C 
(50°F)  or45°C  (113°F). 

The  viridans  group  includes  Streptococcus  thermophilus,  a  coccus  im¬ 
portant  in  cheeses  made  by  cooking  the  curd  at  high  temperatures  and 
in  certain  fermented  milks  such  as  yoghurt,  and  Streptococcus  hods 
which  comes  from  cow  manure  and  saliva  and,  like  S.  thermophilus,  is 
thermoduric  and  therefore  is  counted  in  the  plating  of  pasteurized 
milk.  These  species  can  grow  at  45°C  ( 113°F)  but  not  at  1()°C  (5()°F). 

The  lactic  group  contains  the  important  dairy  bacteria,  Streptococcus 
lactis  (Figure  3-6)  and  Streptococcus  cremoris,  which  can  grow  at  10°C 
(50°F)  but  not  at  45°C  (113°F).  These  bacteria  are  used  as  starters  for 
cheese,  cultured  buttermilk,  and  some  tvpes  of  butter,  along  with  Leu- 
conostoc  species,  and  S.  lactis  often  is  concerned  in  the  souring  of  raw 
milk.  These  lactic  bacteria  tolerate  no  more  than  2  to  4  percent  salt  and 
therefore  are  not  concerned  in  the  lactic  fermentation  of  brined  v’ese- 
tables.  Some  sources  of  the  lactics  are  green  plants,  feeds,  silage,  and 
utensils. 

The  enterococcus  group  consists  of  Streptococcus  faecalis  and  S. 
durans.  S.  faecalis  var.  liciucfaciens  is  an  acid-proteolytic  \'arietv  of 
S.  faecalis,  and  S.  faecalis  \'ar.  zijmogenes  is  a  beta  hemolvtic  varied’. 
The  two  varieties  formerly  were  called  S.  licjuefaciens  and  S.  zymogenes, 
respectively,  S,  faecalis  is  more  commonly  encountered  in  foods  than 
S.  durans.  Bacteria  of  this  group  can  grow  both  at  10°C  (50°F)  and  at 
45°C  (113°F).  The  enterococci  have  several  characteristics  in  common 
that  make  them  unusual  streptococci:  (1)  they  are  thermoduric,  readily 
surviving  the  pasteurization  treatment  of  milk  or  even  more  heating;  (2) 
they  tolerate  6.5  percent  and  more  of  salt;  (3)  they  ean  grow  at  the 
alkaline  pH  of  9.6;  and  ( 4 )  they  can  grow  o\^er  a  wide  range  of  tempera¬ 
tures,  some  multiplying  at  as  low  as  5  to  8°C  (41  to  46.4°F)  and  most  of 
them  at  as  high  as  48  to  5{)°C  (118.4  to  122°F).  S.  faecalis  and  the 
closely  related  S.  faccium  sometimes  survive  the  heat-treatment  gi\'en 
canned  hams  and  are  potential  spoilage  organisms.  S.  faecalis  also  has 
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been  found  growing  on  bacon.  As  indicated  by  the  name,  the  enterococci 
come  from  the  intestinal  tracts  of  man  and  animals,  but  they  also  can 
survive  in  dairy  products  and  may  contaminate  utensils  and  equipment. 

Pediococcus.  Only  one  accepted  species  has  been  encountered  in  foods 
to  any  extent,  Pediococcus  ccrevisiae.  The  cocci  occur  singly,  in  pairs  or 
short  chains,  or  in  tetrads  (division  in  two  planes),  and  are  Gram-posi¬ 
tive,  catalase-negative,  and  microaerophilic.  They  are  homofermentative, 
fermenting  sugars  to  vield  0.5  to  0.9  percent  acid,  mostly  lactic,  and  they 
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F'ig.  .i-6.  Photomicrograph  of  Streptococcus  lactis. 

grow  fairly  well  in  salt  brines  up  to  5.5  percent  and  poorly  in  concentra¬ 
tions  of  salt  up  to  about  10  percent.  Their  range  of  temperatures  for 
growth  is  from  about  7°C  to  45°C  (44.6  to  113°F),  but  25  to  32  C 
(77  to  89.6  1")  is  best.  The  characteristics  that  make  the  organism  im¬ 
portant  in  foods  have  been  mentioned:  salt  tolerance,  acid  production, 
and  temperature  range,  especially  the  ability  to  grow  at  cool  tempera¬ 
tures.  Pcdiococci  have  been  found  growing  during  the  fermentation  of 
brined  vegetables  and  have  been  found  responsible  for  the  spoilage  of 
alcoholic  beverages,  e.g.,  beer. 

Lcuconostoc.  This  genus,  called  Bctnroccus  by  Orla-Jensen,  contains 
the  heterofermentative  lactic  streptococci,  which  ferment  sugar  to  lactic 
acid,  plus  considerable  amounts  of  acetic  acid,  ethyl  alcohol,  and  carbon 
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dioxide.  The  ability  of  two  species,  Leuconostoc  dcxtranicwii  and  L. 
citrovorinu,  to  ferment  citric  acid  of  milk  with  the  production  of  the 
desirable  flavoring  substance,  biacetyl  (the  more  reduced  acetylmethyl- 
carbinol  and  2,3-butylene  glycol  also  are  produced),  and  to  stimulate 
the  lactic  streptococci,  has  led  to  their  inclusion  in  the  so-called  lactic 

starter”  for  buttermilk,  butter,  and  cheese. 

Some  of  the  characteristics  of  Leuconostoc  species  that  make  them  im¬ 
portant  in  foods  are  (1)  production  of  biacetyl;  (2)  tolerance  of  salt 
concentrations  such  as  are  present  in  brines  in  sauerkraut  and  dill-pickle 
fermentations,  permitting  Leuconostoc  mcsenteroides  to  carry  on  the 
first  part  of  the  lactic  fermentation;  (3)  tolerance  of  high  sugar  concen¬ 
trations,  up  to.  55  to  60  percent  for  L.  mcsenteroides,  permitting  the 
organism  to  grow  in  sirups,  liquid  cake  and  ice-cream  mixes,  etc.;  (4) 
production  of  considerable  amounts  of  carbon  dioxide  gas  from  sugars, 
leading  to  undesirable  “openness”  in  some  cheeses  and  spoilage  of  foods 
high  in  sugars,  e.g.,  sirups,  mixes,  etc.;  and  (5)  heavy  slime  production  in 
media  containing  sucrose,  a  desirable  characteristic  for  the  production 
of  de.xtran  (Chapter  29),  but  a  hazard  in  foods  high  in  sucrose,  as  in  the 
production  of  sucrose  from  cane  or  beets.  The  habitat  of  bacteria  of 
this  genus  is  the  surface  of  plants. 

Lactobacillus.  The  rod-shaped  lactic  acid  bacteria  of  food  in  the  tribe 
Lactobacillaceae  are  in  the  genus  Lactobacillus.  The  lactobacilli  are  rods 
that  usually  are  long  and  slender,  form  chains  in  most  species  (Fig¬ 
ure  3-7).  They  are  microaerophilic,  catalase-negative,  and  Gram-positive, 
and  ferment  sugars  to  yield  lactic  acid  as  the  main  product.  It  is  con¬ 
venient  to  divide  the  lactobacilli  into  the  homofermentati\’e  and  hetero- 
fermentative  species  or  to  di\’ide  them  into  those  that  grow  best  at  37 
to  45°C  (98.6  to  113°F)  or  above  and  those  whose  optimum  temperature 
is  about  28  to  32°C  (82.4  to  89.6°F).  The  homofermentativ^e  lactobacilli 
with  optimum  temperatures  of  37°C  (98.6°F)  or  above  include  Lacto¬ 
bacillus  caucasicus,  L.  bulgaricus,  L.  hclvcticus,  L.  lactis,  L.  acidophilus, 
L.  thernwphilus,  and  L.  delbrueckii.  Lactobacillus  fermenti  is  the  chief 
e.xample  of  a  heterofermentative  lactobacillus  growing  well  at  the  higher 
temperatures.  The  homofennentative  lactobacilli  with  lower  optimum 
I  temperatures  (about  3()°C,  or  86°F)  include  Lactobacillus  casei,  L. 
plantarum,  and  L.  leichmannii,  and  heterofermentative  species  are  Lacto¬ 
bacillus  brevis,  L.  buchneri,  L.  pastorianus,  L.  hilgardii,  and  L.  trichodes. 
All  of  the  above  species  except  L.  delbrueckii,  L.  leichmannii,  L.  hil- 
gardii,  L.  trichodes,  and  some  strains  of  L.  brevis  ferment  lactose  with 
the  production  of  lactic  acid  and  therefore  may  be  of  importance  in  the 
dairy  industries.  Chief  sources  of  the  lactobacilli  are  plant  surfaces, 
manure,  and  dairy  products. 

Characteristics  that  make  the  lactobacilli  important  in  foods  are  (1) 
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their  ability  to  ferment  sugars  with  the  produetion  of  considerable 
amounts  of  lactic  acid,  enabling  their  use  in  the  production  of  fermented 
plant  and  dairy  products,  or  the  manufacture  of  industrial  lactic  acid, 
but  resulting  in  the  deterioration  of  some  products,  e.g.,  wine  or  beer; 
(2)  production  of  gas  and  other  volatile  products  by  heterofermentative 
species,  sometimes  with  damage  to  the  quality  of  the  food,  as  with 
L.  fernienfi  growing  in  Swiss  cheese  or  L.  bilgardii  or  L.  trichodes 


Fig.  3-7.  Photomicrograph  of  LuctoI}aciUus  hulgariciis. 

in  wines;  (3)  their  inability  to  synthesize  most  of  the  vitamins  they  re- 
cjuire,  making  them  unable  to  grow  well  in  foods  poor  in  vitamins,  but 
making  them  useful  in  assays  for  the  vitamin  content  of  foods;  and  (4) 
the  heat  resistance,  or  thermoduric  properties,  of  most  of  the  high-tem- 
perature  lactobacilli,  enabling  them  to  survive  pasteurization  or  other 
heating  processes,  such  as  that  given  the  curd  in  the  manufacture  of 
Swiss  and  similar  cheeses. 

Species  of  Lactobacillus  different  from  the  above-named  have  been 
found  growing  in  refrigerated  meats,  but  only  a  few  names  for  these 
lactobacilli  have  been  suggested,  e.g.,  L.  viridcsccns  for  one  causing 
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greening  of  sausage  and  L.  salimiiiuhis  for  one  growing  in  sausage.  These 
lactobacilli  are  exceptional  because  of  their  ability  to  grow  at  low 
temperatures. 

Other  Lactic  Acid  Bacteria.  Other  genera  than  those  discussed  contain 
bacteria  that  produce  chiefly  lactic  acid  during  the  fermentation  of  sugars 
hut  are  not  included  with  the  lactics  because  of  other  characteristics. 
Certain  Bacillus  species  or  strains  (B.  cereus,  B.  stearothermophdus)  or 
Escherichia  coli  are  examples. 

Propionibacteriaceae  ^ 

Bacteria  of  the  genus  Propionihacte^jMiii^mdy  be  found  in  foods.  These 
bacteria  are  small,  nonmotile,  Gram-positive,  asporogenous,  catalase¬ 
positive,  anaerobic  to  aerotolerant  rods  that  often  are  coccoid  and  some¬ 
times  chain.  They  ferment  lactie  acid,  carbohydrates,  and  polyalcohols  to 
propionic  and  acetic  acids  and  carbon  dioxide.  In  Swiss  cheese  certain 
species  (e-g-,  Propionihacterium  shermauii)  ferment  the  lactates  to 
produce  the  gas  that  aids  in  the  formation  of  the  holes,  or  eyes,  and  also 
contribute  to  the  flavor.  Pigmented  propionibacteria  can  cause  coloi 
defects  in  cheese. 

Corynebacteriaceae 

Bacteria  of  this  family  often  are  banded  or  beaded  with  metachro- 
matie  granules  and  may  assume  odd  shapes. 

Microhacterium.  Bacteria  of  this  genus  are  small,  nonmotile.  Gram¬ 
positive,  asporogenous,  catalase-positive,  aerobie,  homofermentative,  lac¬ 
tic  acid  producing  rods,  which  sometimes  produce  palisade  arrange¬ 
ments.  'Microhacterium  lacticum  is  the  species  usually  encountered. 
Mierobacteria  are  verv  resistant  to  heat  for  non-spore-forming  bacteria, 
surviving  pasteurization  of  milk  readily  and  even  80  to  85°G  (176  to 
185°F)  for  10  min.  They  therefore  are  among  the  thermodurics  that  give 
high  counts  in  pasteurized  dairy  products,  such  as  market  milk  and  dry 
milk.  Their  range  of  temperatures  for  growth  is  15  to  35°G  ( 59  to  95°F ) 
and  their  optimum  is  about  30°G  (86°F).  Therefore,  in  plating  for  these 
organisms,  incubation  of  plates  should  be  at  below  35°G  (95°F),  pref¬ 
erably  at  about  30°G  (86°F). 

Conjnehacterium.  This  genus  is  of  interest  in  food  bacteriology  chiefly 
because  of  the  diphtheria  organism,  Conjnehacterium  diphtlieriae,  which 
may  be  transported  by  foods.  Conjnehacterium  pyogenes  causes  mastitis 
in  cows.  Conjnehacterium  hovis,  with  the  slender,  barred,  or  clubbed 
rods  characteristic  of  the  genus,  has  been  blamed  for  the  rancidiU^  of 
cream. 
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Bacillaceae 

Tliis  family  consists  of  the  two  genera  of  spore-forming  rods.  Bacillus 
and  Clostridium.  The  resistance  of  bacterial  spores  to  heat  and  other 
adverse  conditions  makes  them  a  problem  in  canning  and  other  methods 
of  preservation.  ‘ 

Bacillus.  The  endosporcs  of  species  of  this  aerobic  to  faciiltati\’e  genus 
usuallv  do  not  sw'ell  the  rods  in  which  they  are  formed.  Different  species 
may  be  mesophilic  or  thermophilic,  actively  proteoKtic,  moderately 
proteolytic,  or  nonproteolytic,  gas-forming  or  not,  and  lipolytic  or  not. 
In  general  the  spores  of  the  mesophiles,  e.g..  Bacillus  suhtilis,  are  less 
heat-resistant  than  spores  of  the  thermophiles.  Spores  of  the  obligate 
thennophiles,  e.g.,  B.  stearptjicrmpplulus,  are  more  resistant  than  those 
br  facultativ'e  thermophiles,  e.g.,  B  coagulans.  The  actively  proteolytic 
species  usually  also  have  a  bacterial  rennin  winch  will  sweet-curdle 
milk;  Bacillus  cereus  is  such  a  species.  The  two  cl^ef  acid-  and^^as- 
forming  species.  Bacillus  polymijxa  and  B.  maccrans,  sometimes  are 
termed  “aerobacilli.”  Many  of  the  mesophiles  can  form  acid  from  glucose 
or  otheF  siigaT  iisuallv  only  a  small  amount  that  often  is  neutralized  by 
ammonia  produced  from  the  nitrogenous  food.  The  thermophilic  flat  sour 
bacteria  that  spoil  canned  vegetables  can  produce  considerable  amounts 
of  lactic  acid  from  sugar,  and  such  a  culture,  e.g.,  B.  coagulans,  may  be 
employed  for  the  manufacture  of  lactic  acid.  The  soil  is  an  important 
source  of  Bacillus  species. 

Clostridium.  The  endospores  of  species  of  this  genus  of  anaerobic  to 
microaerophilic  bacteria  usually  swell  the  end  or  middle  of  the  rods  in 
which  they  are  formed.  All  species  are  catalase-negative.  Many  species 
actively  ferment  carbohydrates  with  the  production  of  acids,  usually 
including  butyric,  and  gases,  usually  carbon  dioxide  and  hydrogen.  Dif¬ 
ferent  species  may  be  mesophilic  or  thermophilic  and  proteolytic  or  non¬ 
proteolytic.  Clostridium  thermosaccharoli/ticum  is  an  example  of  a  sac- 
charolytic  obligate  thermophile;  this  organism  causes  gaseous  spoila^ 
of  canned  v'egetables.  Putrefaction  of  foods  often  is  caused  by  meso¬ 
philic,  proteolytic  species,  such  as  C.  lentoputrcsccns  or  C.  putrcfacicns. 
The  violent  disruption  of  the  curd  in  milk  by  C.  sporogcnes  or  similar 
species  results  in  a  “stormy  fermentation”  of  milk;  and  the  lactate- 
fermenting  C.  tyrohutijricum  (C.  hutyricum)  (Figure  .‘^8)  is  a  cause 
of  late  gas  in  cured  cheese.  Tht'  soil  is  the  primary  source  of  Clostridium 
species,  although  they  also  may  come  from  bad  silage,  feeds,  and  manure. 

Act  inomycet  a  1  es 

This  order  of  higher  bacteria  contains  spt'cies  of  the  genus  Strcpto- 
myccs  which  can  cause  undesirable  flavors  and  appearance  when  grow- 
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ing  on  foods;  musty  or  earthy  odors  and  tastes  from  these  organisms  may 
be  absorbed  by  nearby  foods  when  growth  of  the  actinomycetes  is  near 
at  hand.  These  aerobic  higher  bacteria  grow  to  form  a  much-branched 
mycelium  and  bear  conidia  in  chains.  The  tubercle  bacilli  that  cause 
tuberculosis  are  in  the  genus  Mycobacterium  in  this  order.  Foods,  espe¬ 
cially  raw  milk,  have  been  known  to  spread  tuberculosis. 

'  \ 


Fig.  3—8.  Photomicrograph  of  sporulating  Clast ridiiini  tyrohutyricum  {Clostridium 
hutyricum) . 

Chlamydobacteriales 

This  order  of  higher  bacteria  contains  the  iron  bacteria,  including  the 
important  genera  Crcnothrix  and  Clonothrix,  which  deposit  ferric  hy¬ 
droxide  in  or  on  their  sheaths  and  cause  trouble  in  water  supplies,  where 
they  may  be  responsible  for  unattractive  appearance,  bad  odors,  or  even 
clogging  of  pipes.  Species  of  the  genus  GallioncUa  (order  Pseudomona- 
dales)  also  are  important  iron  bacteria  and  may  give  more  trouble  than 
Clonothrix  or  Crcnothrix. 


GROUPS  OF  BACTERIA  IMPORTANT  IN  FOOD  BACTERIOLOGY 

Bacteria  important  in  foods  often  are  grouped  on  the  basis  of  one 
characteristic  that  they  have  in  common,  without  regard  for  their  sys- 
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tematic  classification.  It  is  obvious  that  some  bacterial  species  might  be 
included  in  two  or  more  of  these  artificial  groups.  Examples  of  the  com¬ 
monly  employed  groupings  will  be  presented. 

Lactic  Acid-forming  Bacteria,  or  Lactics 

This  most  important  group  includes  the  bacteria  in  the  Lactobacteri- 
aceae  that  yield  lactic  acid  as  their  main  product  in  the  fermentation  of 
sugars.  In  the  discussion  of  members  of  this  family  it  was  noted  that  the 
lactics  are  subdivided  into  cocci  and  rods  and  into  the  homofermentative 
lactics,  which  produce  mostly  lactic  acid  and  only  small  amounts  of 
volatile  products  such  as  acetic  acid  and  carbon  dioxide  from  sugars, 
and  the  heterofermentative  lactics,  which  produce  considerable  amounts 
of  acetic  acid,  alcohol,  and  carbon  dioxide  in  addition  to  lactic  acid.  They 
also  are  divided  into  high-temperature  lactics,  with  an  optimum  tempera¬ 
ture  of  37°C  (98.6°F)  or  above,  and  low-temperature  lactics,  grow'ing 
best  at  about  30°C  (86°F).  Sometimes  the  lactics  are  classified  as  plant, 
or  cereal,  lactics,  which  do  not  ferment  lactose,  and  the  dairv  lactics, 
which  do,  but  the  division  between  the  groups  is  not  definite  enough  to 
make  the  separation  useful.  Another  group  that  grows  in  meats  held  at 
low  temperatures  has  been  called  the  “meat  lactics.”  Examples  of  bac¬ 
teria  in  these  various  subdivisions  have  been  given  in  the  discussion  of 
genera  in  the  family  Lactobacteriaceae.  The  lactics  are  mostly  in  the 
genera  Streptococcus,  Leiiconostoc,  Pediococcus,  Lactobacillus,  and 
Microhacterium. 

Acetic  Acid-forming  Bacteria,  or  Acetics 

The  bacteria  that  form  acetic  acid  as  a  main  product,  usually  by  the 
oxidation  of  ethyl  alcohol,  are  mostlv  in  the  genus  Acetohacter,  although 
some  have  been  included  in  the  genus  Bacterium. 

Butvric  Acid-forming  Bacteria,  or  Butvrics 

Most  bacteria  of  this  group  are  spore-forming  anaerobes  of  tiie  genus 
Cdostridium. 

Propionic  Acid-forming  Bacteria,  or  Propionics 

Most  bacteria  of  this  group  are  in  the  genus  Propionihactcrium,  al¬ 
though  propionic  cocci  have  been  reported. 

Proteolvtic  Bacteria 

This  is  a  heterogeneous  group  of  actively  proteolytic  bacteria  which 
produce  extracellular  proteinast's,  so  termed  because  the  enzymes  dilluse 
outside  the  cells.  All  bacteria  have  proteinases  within  the  cell,  but  only  a 
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limited  number  of  kinds  have  extracellular  proteinases.  The  proteolytic 
bacteria  may  be  divided  into  those  that  are  aerobic  or  facultative  and 
may  be  spore-forming  or  not,  and  those  that  are  anaerobic  and  spore¬ 
forming.  Bacillus  cereiis  is  an  aerobic,  spore-forming,  proteolytic  bacte¬ 
rium,  Pseudomonas  fluorescens  is  non-spore-forming  and  aerobic  to  fac¬ 
ultative,  and  Cdostridium  sporogenes  is  spore-forming  and  anaerobic. 
Many  of  the  species  of  Clostridium,  Bacillus,  Pseudomonas,  and  Proteus 
are  proteolytic.  Some  bacteria,  termed  acid-proteolytic,  carry  on  an  acid 
fermentation  and  proteolysis  simidtaneously.  Sfreptocoecus  faecalis  var. 
lupiefaciens  and  Micrococcus  caseohj ficus  are  acid-proteolytic.  Some 
bacteria  are  putrefactiv^e,  that  is,  they  decompose  proteins  anaerobically 
to  produce  foul-smelling  compounds  such  as  hydrogen  sulfide,  mercap- 
tans,  amines,  indole,  and  fatty  acids.  Most  proteolytic  species  of  Clostri¬ 
dium  are  putrefactive,  as  are  some  species  of  Proteus,  Pseudomonas,  and 
other  genera  of  non-spore-formers.  Putrefaction  of  split  products  of  pro¬ 
teins  also  can  take  place. 

Lipolytic  Bacteria 

This  is  a  heterogeneous  group  of  bacteria  which  produce  lipase,  an 
enzyme  which  catalyzes  the  hydrolysis  of  fats  to  fatty  acids  and  glycerol. 
Many  of  the  aerobic,  actively  proteolytic  bacteria  also  are  lipolytic. 
Pseudomonas  fluoreseens,  for  example,  is  strongly  lipolytic.  Pseudomonas, 
Achromohacter,  Alcaligenes,  Serratia,  and  Micrococcus  are  genera  that 
contain  lipolytic  species. 

Saccharolytic  Bacteria 

These  bacteria  hydrolyze  disaccharides  or  polvsaccharides  to  simpler 
sugars.  A  limited  number  of  kinds  of  bacteria  are  amylolytic,  that  is, 
possess  amylase  to  bring  about  the  hydrolysis  of  starch  outside  the  cell. 
Bacillus  suhtilis  and  Clostridium  hutijricum  are  amvlolvtic.  Few  kinds  of 
bacteria  can  hydrolyze  cellulose.  Species  of  Clostridium  sometimes  are 
classified  as  proteolytic  ones  that  may  or  may  not  attack  sugars,  or  sac¬ 
charolytic  ones  that  attack  sugars  but  not  proteins.  Clostridium  lento- 
putrescens  is  proteolytic  but  ordinarily  does  not  ferment  carbohvdrates, 
whereas  Clostridium  huti/ricum  is  nonproteolytic  but  ferments  sugars. 

Pectolytic  Bacteria 

Pectins  are  complex  carbohydrates  that  occur  in  vegetables  and  fruits. 
The  mixture  of  pectolytic  enzymes,  called  pectinase,  may  be  responsible 
for  softening  of  plant  tissues  or  loss  of  gelling  power  of  fruit  juices. 
Species  of  Erwinia,  Bacillus,  and  Clostridium  (as  well  as  of  molds)  may 
be  pectolytic. 
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Intestinal  Bacteria 

The  colitorm  bacteria  and  the  enterococci,  previously  discussed,  often 
are  used  as  indicator  organisms  for  contamination  of  foods  with  fecal 
matter.  Tests  for  Clostridium  also  have  been  employed.  These  intestinal 
bacteria  also  are  spoilage  organisms. 

Thermophilic  Bacteria,  or  Thermophiles 

These  bacteria,  with  an  optimum  temperature  above  45°C  (113°F), 
are  important  in  foods  held  at  high  temperatures.  Bacillus  species  causing 
flat  sour  spoilage  of  canned  foods  and  Clostridium  thermosaccharoh/ticum 
causing  gaseous  spoilage  are  examples.  Lactobacillus  thcrmophilus  is  an 
obligately  thermophilic  lactic  acid  bacterium. 

Psychrophilic  (Cryophilic)  Bacteria,  or  Psychrophiles 

These  bacteria,  which  grow  v’cll  at  temperatures  not  far  above  freez¬ 
ing,  are  important  in  refrigerated  foods.  Psychrophilic  bacteria  arc  found 
chiefly  in  the  genera  Pseudomonas,  Achromohacter,  Flavohacterium,  and 
Alcaligencs,  although  the  genera  Micrococcus,  Lactobacillus,  Aerobacter, 
and  others  may  contain  psychrophilic  species. 

Halophilic  Bacteria,  or  Halophiles 

Ilalophilic  bacteria  grow  best  in  high  concentrations  of  dissolv'cd 
sodium  chloride.  Other  bacteria  are  salt-tolerant,  that  is,  they  can  grow 
with  or  without  fairlv  high  concentrations  of  salt.  Both  t\pes  of  bacteria 
mav  be  important  in  or  on  highlv  salted  foods  and  in  salt  brines.  Bacteria 
in  the  genera  Pseudomonas,  Micrococcus,  Sarcina,  Halobacferium,  and 
Flavobacterium  hav^e  been  found  growing  in  salt  brines  or  on  salted 
foods. 

Osmophilic  Bacteria,  or  Osmophiles 

Strictly  speaking,  osmophilic  bacteria  would  be  those  that  grow  best 
in  high  concentrations  of  sugar,  but  most  bacteria  called  osmophiles  are 
merely  sugar-tolerant,  e.g.,  species  of  Lcuconostoc. 

Bacteria  of  Food  Poisonings  and  Infections 

Bacteria  causing  food  poisoning  include  entt^rotoxin-producing  forms 
such  as  Staphylococcus  aureus  (Micrococcus  pyogenes  \  ar.  aureus)  and 
Clostridium  hotulinuni.  F'ood  infections  are  caused  by  bacteria,  such  as 
certain  species  of  Salmonella  and  Streptococcus,  that  are  able  to  grow 
in  foods  and  infect  consumers  of  the  foods. 


Bacteria 


59 


Other  Pathogenic  Bacteria 

Foods  can  carry  pathogenic  bacteria  in  the  same  manner  that  tliey  are 
carried  by  otlier  things,  sucli  as  clothing,  books,  money,  doorknobs,  etc. 
Organisms  causing  the  dysenteries  may  be  spread  by  foods,  as  may  those 
causing  brucellosis,  tuberculosis,  and  other  diseases. 

Pigmented  Bacteria 

Colors  produced  by  pigmented  bacteria  growing  on  or  in  foods  range 
through  the  \'isible  spectrum  and  also  include  black  and  white.  Examples 
will  be  numerous  in  a  later  discussion  of  spoilage  of  foods.  All  species 
in  some  genera  are  pigmented,  as  in  Flavohacfcriinn  (yellow  to  orange) 
and  Serrafia  (red).  Pigmented  species  are  found  in  many  genera;  many 
species  of  Micrococcus  are  pigmented,  for  example.  Also  pigmented 
varieties  occur  within  some  species,  e.g.,  the  rust-colored  Lactohacilhis 
phntarum  var.  rtidcnsis  that  discolors  cheese. 

Slime-  or  Rope-forming  Bacteria 

Examples  of  these  bacteria  already  have  been  given:  AJcalig,cnes  visco- 
lactis  (viscosus)  and  Acrohacter  acro^cncs  causing  ropiness  of  milk, 
Leuconostoc  species  producing  slime  in  sucrose  solutions,  and  slimy  sur¬ 
face  growth  of  various  bacteria  occurring  on  foods.  Some  of  the  species 
of  Streptococcus  and  Lactobacillus  have  varieties  that  make  milk  slimy 
or  ropy;  a  micrococcus  makes  curing  solutions  for  meats  ropy,  etc.  Special 
species  of  bacteria  in  a  number  of  the  genera  previously  discussed  may 
be  responsible  for  sliminess  or  ropiness. 

Gas-forming  Bacteria 

Many  kinds  of  bacteria  produce  such  small  amounts  of  gas  and  yield  it 
so  slowly  that  it  ordinarily  is  not  detected.  This  sometimes  is  true  of  the 
heterofermentativc  lactics,  although  under  other  conditions  gas  evolu¬ 
tion  is  evident.  Among  the  genera  that  contain  gas-forming  bacteria  are 
Leuconostoc,  Lactobacillus  ( heterofermentativ'C ),  Propionibacteriuui, 
Escherichia,  Aerobacter,  Proteus,  Bacillus  (the  aerobacilli ),  and  Clo¬ 
stridium.  Bacteria  of  the  first  three  genera  produce  only  carbon  dioxide 
and  those  of  the  other  genera  yield  both  carbon  dioxide  and  Inxlrogen. 

Still  other  groupings  of  food  bacteria  could  be  made,  such  as  those 
producing  bitter  flavors,  those  causing  phosphorescence,  etc. 
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CHAPTER  4  Contamination  of  Foods 

from  Natural  Sources 


Growing  plants  carry  a  typical  flora  of  microorganisms  on  the  surfaces 
of  their  parts  and  in  addition  may  become  contaminated  from  outside 
sources.  Animals  likewise  have  a  typical  surface  flora  plus  an  intestinal 
one,  give  off  organisms  in  excretions  and  secretions,  and  also  become 
contaminated  from  outside  sources.  Plants  and  animals  with  parasitic 
disease,  of  course,  carry  the  pathogen  causing  the  disease.  The  inner, 
healthy  tissues  of  plants  and  animals,  however,  have  been  reported  to 
contain  few  living  microorganisms  or  none. 


CONTAMINATION  FROM  EDIBLE  PLANTS 

The  natural  surface  flora  of  plants  varies  with  the  plant  but  usually 
includes  species  of  Alcaligencs,  Flavohacfcrium,  Achromohacter,  and 
Micrococcus,  and  coliform  and  lactic  acid  bacteria.  The  numbers  will 
depend  upon  the  plant  and  its  environment  and  may  range  from  a  few 
hundreds  or  thousands  per  scjuare  centimeter  of  surface  to  millions.  The 
surface  of  a  well-washed  tomato,  for  example,  may  show  400  to  700 
microorganisms  per  scjuare  centimeter,  while  an  unwashed  tomato  would 
have  several  thousands.  Outer  tissue  of  unwashed  cabbage  might  contain 
1  to  2  million  microorganisms  per  gram,  but  washed  and  trimmed  cab¬ 
bage  200,000  to  500,000.  The  inner  tissue  of  the  cabbage,  where  the  sur¬ 
face  of  the  leaves  would  harbor  primarily  the  natural  flora,  contains 
fewer  kinds  and  lower  numbers,  ranging  from  a  few'  hundred  to  150,000 
per  gram.  Exposed  surfaces  of  plants  become  contaminated  from  soil, 
water,  sew^age,  air,  and  animals  so  that  microorganisms  from  these 
sources  are  added  to  the  natural  flora.  Whenever  conditions  for  growth 
of  natural  flora  and  contaminants  are  present,  increases  in  numi)ers  of 
special  kinds  of  microorganisms  will  take  place.  Most  of  this  would  occur 
following  harvesting  and  wall  be  discussed  later. 
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CONTAMINATION  FROM  ANIMALS 

The  natural  surface  flora  of  meat  animals  is  not  usually  as  important 
as  the  contaminating  microorganisms  from  their  intestinal  tracts,  and 
from  hide,  hoofs,  and  hair,  which  usually  contain  not  only  large  numbers 
of  organisms  from  soil,  manure,  feed,  and  water,  hut  also  important  kinds 
of  spoilage  organisms.  Fish  and  other  seafood,  however,  have  a  natural 
surface  flora  that  is  important  in  their  prescr\'ation  and  spoilage.  Oc- 
casiorudly  pathogenic  organisms  capable  of  causing  human  disease  may 
come  from  animals,  e.g.,  Sahnonella  bacteria  from  poultry. 

Animals,  from  the  lowest  forms  to  the  highest,  contribute  their  wastes 
and  finally  their  bodies  to  the  soil  and  water  and  to  plants  growing  there. 
Little  attention  has  been  paid  to  the  direct  contamination  of  food  plants 
from  this  source,  except  in  so  far  as  coliform  bacteria  may  be  added. 
Insects  and  birds  cause  mechanical  damage  to  fruits  and  vegetables,  in¬ 
troduce  microorganisms,  and  open  the  way  for  microbial  spoilage.  Milk 
aseptically  drawn  from  the  cow  already  contains  bacteria  from  the  in¬ 
terior  of  the  udder.  As  has  been  stated,  healthy  flesh  of  the  living  animal 
has  been  reported  to  be  free  from  microorganisms  or  at  least  to  contain 
very  few,  although  bacteria  of  a  number  of  genera  have  been  found  in 
the  lymph  nodes  and  occasionally  in  bones  and  muscle  tissue  of  animals. 
Representatives  of  the  following  genera  have  been  reported  there:  Strep¬ 
tococcus,  Escherichia,  Acrohacter,  Pseudomonas,  Alcaligencs,  Fhwohac- 
terium,  Achromohaefer,  Cdostridium,  and  sometimes  others.  Intestinal 
contents  are  high  in  numbers  of  bacteria  of  the  kinds  mentioned  in  the 
next  paragraph,  and  the  exterior  of  most  animals  is  fairly  heavily  con¬ 
taminated  with  microorganisms  (see  Chapter  5  for  important  genera). 
The  slime  that  covers  fish,  and  the  skin,  hair,  and  feathers  of  animals  all 
contain  large  numbers  of  different  kinds  of  microorganisms.  The  chief 
genera  of  bacteria  in  fish  slime  are  listed  in  Chapter  5  and  of  poultry  in 
Chapter  15. 

CONTAMINATION  FROM  SEWAGE 

When  untreated  domestic  sewage  is  used  to  fertilize  plant  crops  there 
is  a  likelihood  that  raw  plant  foods  may  be  contaminated  with  human 
pathogens,  especially  with  those  causing  gastrointestinal  diseases.  The 
use  of  “night  soil”  as  a  fertilizer  still  persists  in  some  parts  of  the  world 
but  is  rare  in  the  United  States.  In  addition  to  the  pathogens,  coliform 
bacteria,  anaerobes,  enterococci,  and  other  intestinal  bacteria  can  con¬ 
taminate  the  foods  from  this  source.  Natural  waters  contaminated  with 
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sewage  contribute  their  microorganisms  to  shellfish,  fish,  and  other  sea¬ 
food.  .1  i.  • 

Treated  sewage  going  onto  soil  or  into  water  also  contributes  micro¬ 
organisms,  although  it  should  contain  smaller  numbers  and  fewer  patho¬ 
gens  than  raw  sewage. 

CONTAMINATION  FROM  SOIL 

The  soil  contains  the  greatest  variety  of  microorganisms  of  any  source 
of  contamination.  Whenever  the  microbiologist  searches  for  new  kinds 
of  microorganisms  or  new  strains  for  special  purposes,  he  usually  turns 
first  to  the  soil.  Not  only  numerous  kinds  of  microorganisms  but  also 
large  total  numbers  are  present  in  fertile  soils,  ready  to  contaminate  the 
surfaces  of  plants  growing  on  or  in  them  and  the  surfaces  of  animals 
roaming  over  the  land.  Soil  dust  is  w'hipped  up  by  aii  cuiients,  and  soil 
particles  are  carried  by  running  water  to  get  into  or  onto  foods.  No 
attempt  will  be  made  to  list  the  microorganisms  important  in  food  micro¬ 
biology  that  could  come  from  the  soil,  but  it  can  be  stated  with  certainty 
that  nearly  every  important  microorganism  can  come  from  soil.  Especially 
important  are  the  molds  and  yeasts  and  species  of  the  bacterial  genera 
Bacillus,  Clostridium,  Aerohacter,  Escherichia,  Micrococcus,  Alcali^cncs, 
Achromohacter,  Flavohacterium,  Chromohacteriuin,  Pseudomonas,  Pro¬ 
teus,  Streptococcus,  Leuconostoc,  and  Acetohacter,  as  well  as  some  of 
the  higher  bacteria  such  as  the  actinomycetes  and  the  iron  bacteria. 

Modern  methods  of  food  handling  usuallv  in\'olve  the  washing  of  the 
surfaces  of  foods  and  hence  the  removal  of  much  of  the  soil  from  those 
surfaces,  and  care  is  taken  to  avoid  contamination  by  soil  dust. 

CONTAMINATION  FROM  WATER 

Natural  waters  contain  not  onlv  their  natural  flora  but  also  micro¬ 
organisms  from  soil  and  possibly  from  animals  or  sewage.  Surface  waters 
in  streams  or  pools  and  stored  waters  in  lakes  and  large  ponds  varv  con¬ 
siderably  in  their  microbial  content,  from  many  thousands  per  milliliter 
after  a  rainstorm  to  the  comparatively  low  numbers  that  result  from  self¬ 
purification  of  cjuiet  lakes  and  ponds  or  of  running  water.  Ground  waters 
from  springs  or  wells  have  passed  through  layers  of  rock  and  soil  to  a 
definite  level  and  hence  have  most  of  the  bacteria,  as  well  as  the  greater 
part  of  other  suspended  material,  removed.  Bacterial  numbers  in  these 
waters  may  range  from  a  few  to  several  hundred  bacteria  per  milliliter. 

The  kinds  of  bacteria  in  natural  waters  are  chiefly  species  of  Pseudo¬ 
monas,  Chromohacterium,  Proteus,  Achromohacter,  Micrococcus,  Bacil- 


64 


Microorganisms  Important  in  Food  Microbiology 

lus,  Aerohacter,  and  Escherichia.  Bacteria  of  the  last  three  genera  prob¬ 
ably  are  contaminants  rather  than  part  of  the  natural  flora.  These  bacteria 
in  the  water  surrounding  fish  and  other  sea  life  establish  themselves  on 
the  surfaces  and  in  the  intestinal  tracts  of  the  sea  fauna. 

The  food  microbiologist  is  interested  in  two  aspects  of  water  bac¬ 
teriology':  (1)  public  health  aspects  and  (2)  economic  aspects.  From  the 
public  health  point  of  view  the  water  used  about  foods  should  be  abso¬ 
lutely  safe  to  drink,  as  sho^^'n  by  freedom  from  sewage  contamination. 
The  usual  test  for  possible  sewage  contamination  is  the  presumpti\’e  test 
for  coliform  bacteria.  When  dilutions  of  the  water  are  cultured  in  fer¬ 
mentation  or  Durham  tubes  of  lactose  broth  at  35  to  37°C,  the  produc¬ 
tion  of  acid  and  gas  is  a  positive  presumptive  test  indicating  the  probable 
presence  of  coliform  bacteria.  The  test  can  be  confirmed  and  completed 
bv  methods  described  in  “Standard  Methods  for  the  Examination  of 
Water  and  Sewage”;  and  Escherichia  coJi,  which  is  considered  more  of 
an  intestinal  organism,  can  be  distinguished  from  Aerohacter  aerogenes, 
which  is  found  on  plant  surfaces  and  in  soils  more  often  than  in  intestinal 
contents.  Some  control  laboratories  run  plate  counts  and  presumptive 
tests  on  the  water  at  regular  intervals  and  chlorinate  more  hea\  ily  at  the 
first  sign  that  something  mav  be  wrong.  Chlorination  of  drinking  water 
is  practiced  when  there  is  anv  doubt  about  the  sanitarv  fjualitv  of  the 
water,  the  amount  of  chlorine  finallv  present  ranging  from  0.025  to  2  or 
more  parts  of  available  chlorine  per  million  parts  of  water,  depending  on 
the  composition  of  the  water  and  the  amount  of  contamination. 

From  the  economic  point  of  view,  the  food  man  wishes  a  water  with 
desirable  chemical  and  bacteriolomcal  characteristics  for  use  in  connec- 
tion  with  the  food  being  handled  or  processed.  The  water  should  have 
an  acceptable  taste,  odor,  color,  clarit\’,  chemical  composition,  and  bac¬ 
terial  content  and  should  be  available  in  sufficient  \olume  at  a  desired 
temperature  and  be  uniform  in  composition.  Desirable  chemical  composi¬ 
tion  is  affected  by  hardness  and  alkalinitv,  as  well  as  by  content  of 
organic  matter,  iron,  manganese,  and  fluorine. 

As  has  been  stated,  the  water  used  about  foods  should  meet  the  bac¬ 
teriological  standards  for  drinking  water  and  should  be  acceptable  from 
the  sanitarv  as  well  as  the  economic  vieN\point.  Usuallv,  howe\’er,  water 
is  more  important  from  the  standpoint  of  the  kinds  of  microorganisms  it 
may  introduce  into  or  onto  foods  than  of  the  total  numbers.  Contamina¬ 
tion  mav  come  from  water  used  as  an  ingredient,  for  washing  foods,  for 
cooling  heated  foods,  and  for  manufactured  ice  for  preserx  ing  hwds.  For 
each  food  product  there  will  be  certain  microorganisiTis  to  be  ft'ared 
('speciallv.  The  gas-forming  coliform  bacteria  often  enter  milk  from  cool¬ 
ing-tank  water  and  cause  trouble'  in  chee'se  made  from  that  milk.  An¬ 
aerobic  gas-formers  mav  enter  foods  from  soil-laden  water.  Cannerv 
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cooling  water  often  contains  coliform  and  other  spoilage  bacteria  that 
enter  canned  foods  during  cooling  through  minute  defects  in  the  seams 
or  seals  of  the  cans.  This  water  commonly  is  chlorinated,  but  there  are 
reports  that  a  ehlorine-resistant  flora  can  build  up  in  time.  Bacteiia  caus¬ 
ing  ropiness  of  milk,  e.g.,  Alcalig^eties  viscoloctis  (viscosus)  and  Aeto- 
hocter  ocros^encs,  usually  come  from  water,  as  do  slime-forming  species 
of  Achromohacter,  Alcaligencs,  and  Pseudomonas,  which  cause  trouble 
in  cottage  cheese.  The  bacterium  causing  the  surface  taint  of  butter. 
Pseudomonas  putrefaeiens,  comes  primarily  from  water.  The  iron  bac¬ 
teria,  whose  sheaths  contain  ferric  hydroxide,  may  gum  up  an  entire 
water  supply  and  are  difficult  to  eliminate. 

It  is  evident  from  the  preceding  discussion  that  it  is  important  to  select 
a  location  with  a  good  water  supply  when  establishing  a  plant  for  han¬ 
dling  or  processing  foods.  And  it  often  is  necessary  to  treat  the  water  to 
make  it  of  satisfactory  chemical  and  bacteriological  cjuality.  Water  sup¬ 
plies  should  be  protected  against  sewage  pollution.  They  may  be  purified 
by  sedimentation  in  reserx'oirs  or  lakes,  by  filtration  through  sand  or  finer 
filters,  or  by  chlorination,  ultrax'iolet  irradiation,  or  boiling.  Only  partial 
purification  is  likely  to  result  from  sedimentation.  Efficient  filtration 
greatly  reduces  the  microbial  content,  but  filters  sometimes  can  be  a 
source  of  contamination  of  the  water  with  undesirable  bacteria.  Thus  the 
filters  for  water  for  soft  drinks  have  been  found  sometimes  to  add  large 
numbers  of  coliform  bacteria.  Treatment  of  water  w'ith  ultraviolet  ravs 
has  been  used  on  water  for  soft  drinks.  Water  may  be  treated  with  silver 
ions  by  the  “catadyn”  process  mentioned  in  Chapter  10. 

CONTAMINATION  FROM  AIR 

Contamination  of  foods  from  the  air  may  be  important  for  sanitary  as 
well  as  economic  reasons.  Disease  organisms,  especially  those  causing 
respiratory  infections,  may  be  spread  among  employees  by  air,  or  the 
food  product  may  become  contaminated.  Total  numbers  of  microorgan¬ 
isms  in  a  food  may  be  increased  from  the  air,  espeeiallv  if  the  air  is  being 
used  for  aeration  of  the  product,  as  in  growing  bread  yeast,  although  the 
numbers  of  organisms  introduced  by  sedimentation  from  air  usually  are 
negligible.  Spoilage  organisms  may  come  from  air,  as  may  those  inter¬ 
fering  with  food  fermentations.  Mold  spores  from  air  may  give  trouble 
in  cheese,  meat,  sweetened  condensed  milk,  and  sliced  bread  and  bacon. 

Sources  of  Microorganisms  in  Air 

Air  does  not  contain  a  natural  flora  of  microorganisms,  for  all  that  are 
present  have  come  there  by  accident  and  usually  are  on  suspended  solid 
materials  or  in  moisture  droplets.  Microorganisms  get  into  air  on  dust  or 
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lint,  dry  soil,  spray  from  streams,  lakes,  or  oceans,  droplets  of  moisture 
from  coughing,  sneezing,  or  talking,  from  growths  of  sporulating  molds 
on  walls,  ceilings,  floors,  foods,  and  ingredients,  and  from  sprays  or  dusts 
from  food  products  or  ingredients.  Thus  the  air  around  a  plant  manu¬ 
facturing  veast  usually  is  high  in  veasts,  and  the  air  of  a  dairy  plant  may 
contain  bacteriophage,  or  at  least  the  starter  bacteria  being  used  there. 

Kinds  of  Microorganisms  in  Air 

The  microorganisms  in  air  have  no  opportunity  for  growth  but  merely 
persist  there,  and  the  kinds  that  are  most  resistant  to  desiccation  will  live 
the  longest.  Mold  spores,  because  of  their  small  size,  resistance  to  drying, 
and  the  large  numbers  per  mold  plant,  are  usually  present  in  air.  Many 
mold  spores  do  not  water-wet  readily  and  therefore  are  less  likely  to 
sediment  from  humid  air  than  particles  that  wet  readily.  It  is  possible 
for  any  kind  of  bacterium  to  be  suspended  in  air,  especially  on  dust 
particles  or  in  moisture  droplets,  but  some  kinds  are  more  commonly 
found  than  others  in  undisturbed  air.  Cocci  usually  are  more  numerous 
than  rod-shaped  bacteria,  and  bacterial  spores  are  relatively  uncommon 
in  dust-free  air.  Yeasts,  especially  asporogenous  chromogenic  ones,  are 
found  in  most  samples  of  air.  Of  course,  whenever  dusts  or  sprays  of 
various  materials  are  carried  up  into  the  air,  the  microorganisms  charac¬ 
teristic  of  those  suspended  materials  will  be  present;  soil  organisms  from 
soil  and  dust,  water  organisms  from  water  spray,  plant  organisms  from 
feed  or  fodder  dust,  etc. 

Numbers  of  Microorganisms  in  Air 

The  numbers  of  microorganisms  in  air  at  any  given  time  depend  upon 
a  number  of  factors  including;  amount  of  mov'cment,  sunshine,  humidity, 
location,  and  amount  of  suspended  dust  or  spray.  Numbers  vary  from  le.ss 
than  one  per  cubic  foot  at  a  mountain  top  to  thousands  in  very  dusty  air. 
Individual  microorganisms  and  those  on  suspended  dust  or  in  droplets 
settle  out  in  quiet  air,  and,  conversely,  moving  air  brings  organisms  up 
into  it.  Therefore,  numbers  of  microorganisms  in  air  are  increased  by  air 
currents  caused  by  movements  of  people,  by  ventilation,  and  by  breezes. 
Direct  rays  from  the  sun  kill  microorganisms  suspended  in  air  and  hence 
reduce  numbers.  Dry  air  usually  contains  more  organisms  than  similar 
air  in  a  moist  condition.  Rain  or  snow  remov'cs  organisms  from  the  air, 
so  that  a  hard,  steady  rainfall  may  practically  free  the  air  of  organisms. 

The  influence  of  location  of  air  on  its  microbial  content  depends  chiefly 
on  the  factors  just  discussed.  The  air  over  a  crop-bearing  field  would 
contain  fewer  organisms  than  the  same  area  when  newly  plowed.  Cit\' 
air  usually  contains  more  organisms  than  countr\’  air  on  a  quiet  day. 
Ocean  air  would  have  fewer  organisms  than  air  over  land.  The  air  of  an 
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empty  room  would  contain  fewer  microorganisms  than  the  air  of  the 
same  room  occupied  by  people,  and  factoiy  air  might  run  still  higher  in 
count.  Always  the  amounts  and  kinds  of  dusts  or  sprays  whipped  up  into 
the  air  would  influence  numbers  and  kinds  of  microorganisms  piesent. 


Treatment  of  Air 

It  has  been  pointed  out  that  numbers  of  microorganisms  in  air  may  be 
reduced  under  natural  conditions  by  sedimentation,  sunshine,  and  wash¬ 
ing  by  rain  or  snow.  Removal  of  microorganisms  from  air  by  artificial 
means  may  involv^e  these  principles  or  those  of  filtration,  chemical  treat¬ 
ment,  heat,  or  electrostatic  precipitation.  Most  used  of  these  methods  is 
filtration  through  fibers  of  various  sorts,  e.g.,  cotton,  Fiberglas,  asbestos, 
etc.,  or  activated  carbon.  The  fibers  are  replaced  periodically  or  sterilized 
with  heat  or  a  gas.  Washing  by  means  of  a  water  spray  or  by  bubbling 
air  through  water  is  not  efficient  and  seldom  is  used  by  itself.  Chemical 
treatments  of  air  are  finding  increasing  use.  Sending  air  through  chemical 
solutions  has  been  employed,  but  the  use  of  aerosols  or  finely  divided 
fogs  of  chemicals  is  more  successful.  Suggested  chemicals  for  such  treat¬ 
ment  include  di-  or  triethylene  glycol,  propylene  glycol,  hypochlorites, 
formaldehyde,  and  o-p-benzyl  phenols.  Passage  of  air  through  tunnels 
lined  with  ultraviolet  lamps  or  installation  of  these  lamps  in  a  room  or 
over  an  area  where  contamination  from  air  is  feared  is  used  in  some 
places  in  the  food  industries,  as  noted  in  Chapter  11.  Electrostatic  pre¬ 
cipitation  of  dust  particles  and  microorganisms  from  air  also  has  been 
accomplished  successfully.  Heat-treatment  of  air  at  verv  high  temper¬ 
atures  is  successful  but  expensive. 

After  the  microorganisms  have  been  removed  from  air,  precautions 
must  be  taken  to  prevent  their  reentrance.  Positive  pressure  in  rooms 
keeps  outside  air  away.  Filters  in  ventilating  or  air-conditioning  systems 
prevent  the  spread  of  organisms  from  one  part  of  a  plant  to  another,  and 
ultraviolet-irradiated  air  locks  at  doors  reduce  numbers  of  organisms 
carried  in  by  workers. 

Sampling  and  Analysis  of  Air 

Measured  volumes  of  air  are  sampled  and  numbers  of  microorganisms 
are  expressed  per  cubic  foot,  yard,  liter,  etc.  A  simple,  cjualitative  method 
is  to  expose  open  petri  plates  containing  a  nutrient  agar  to  the  air  for  a 
stated  period,  after  which  the  plates  are  closed  and  incubated  and  num¬ 
bers  of  colonies  are  counted.  For  counting  organisms,  usually  a  metered 
quantity  of  air  is  impinged  onto  a  solid  medium  or  bubbled  through  a 
liquid  which  then  is  plated,  or  passed  through  an  electrostatic  precipi¬ 
tator,  followed  by  plating. 
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CHAPTER  5  Contamination  of  Foods  during  Handling 

and  Processing 


The  fruit  or  vegetable  is  harvested,  milk  is  drawn,  eggs  are  gathered, 
fish  and  other  products  are  obtained  from  natural  waters,  and  aniina  s 
are  collected  and  slaughtered,  all  carrying  contaminating  microorganisms 
from  natural  sources  (Chapter  4).  In  most  instances,  with  the  start  of 
human  handling  further  contamination  begins;  and  it  continues  while 
the  product  is  being  handled  and  processed.  The  processor  attempts  to 
cleanse  and  “sanitize”  ecpiipment  coming  in  contact  with  food  to  reduce 
contamination  from  that  source.  The  term  sanitize  is  used  rather  than 
“sterilize”  because,  although  an  attempt  is  made  to  stciilize  the  ecpiip- 
ment,  that  is,  free  it  of  all  living  organisms,  sterility  seldom  is  attained. 


FRUITS  AND  VEGETABLES  AND  THEIR  PRODUCTS 

As  soon  as  fruits  and  vegetables  are  gathered  into  boxes,  lugs,  baskets, 
or  trucks  during  harvesting  they  are  subject  to  contamination  with  spoil¬ 
age  organisms  from  each  other  and  from  the  containers  unless  these  have 
been  adequately  sanitized.  During  transportation  to  market  or  to  process¬ 
ing  plant,  mechanical  damage  may  increase  susceptibility  to  decay  and 
growth  of  microorganisms  may  take  place.  Precooling  of  the  product  and 
refrigeration  during  transportation  will  slow  down  growth. 

Washing  of  the  fruit  or  vegetable  may  imolve  a  preliminary  soaking, 
may  be  by  agitation  in  water,  or,  preferably,  may  be  by  a  spray  treat¬ 
ment.  Soaking  and  washing  by  agitation  tend  to  distribute  spoilage  organ¬ 
isms  from  damaged  to  whole  foods.  Recirculated  or  reused  water  is  likely 
to  add  organisms,  and  the  washing  process  may  moisten  surfaces  enough 
to  permit  growth  of  organisms  during  a  holding  period.  Washing  with 
detergent  or  germicidal  solutions  will  reduce  numbers  of  microorganisms 
on  the  foods. 
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Sorting  out  of  spoiled  fruits  or  vegetables  or  trimming  out  spoiled  parts 
removes  microorganisms,  but  additional  handling  may  result  in  mechani¬ 
cal  damage  and  therefore  greater  susceptibility  to  decay.  When  these 
products  are  sold  in  the  retail  market  without  processing,  they  are  not 
ordinarily  subjected  to  much  further  contamination,  with  the  exceptions 
of  storage  in  the  market  in  contaminated  bins  or  other  containers,  pos¬ 
sible  contact  with  decaying  products,  handling  by  sales  people  and  cus¬ 
tomers,  and  perhaps  spraying  with  water  or  packing  with  chipped  ice 
( of  green  vegetables ) .  This  spraving  gives  a  temporarv  fresh  appearance 
to  the  vegetables  and  delays  decomposition,  but  also  adds  organisms, 
e.g.,  psychrophiles,  from  water  or  ice  and  gives  a  moist  surface  to  en¬ 
courage  their  growth  on  longer  storage. 

In  the  processing  plant  the  fruits  or  vegetables  are  subjected  to  further 
contamination  and  chances  for  growth  of  microorganisms,  or  numbers 
and  kinds  of  organisms  mav  be  reduced  bv  some  procedures.  Adecjuate 
washing  at  the  plant  causes  a  reduction  in  numbers  of  microorganisms 
on  the  food,  as  do  peeling  by  steam,  hot  water,  or  Ive,  and  blanching 
(heating  to  inactivate  enzv^mes,  etc.).  Sw'eating  of  products  during  han¬ 
dling  increases  numbers.  Processes  such  as  trimming,  mechanical  abra¬ 
sion  or  peeling,  cutting,  pitting  or  coring,  and  various  methods  of  dis¬ 
integration  mav  serve  to  add  contaminants  from  the  equipment  inv'olved. 
In  fact  everv  piece  of  equipment  coming  in  contact  wath  food  can  be  a 
significant  source  of  microorganisms  unless  it  has  been  cleaned  and  sani¬ 
tized  adcfjuatelv.  Modem  metal  equipment  wath  smooth  surfaces  and 
without  cracks,  dead  ends,  etc.,  is  made  to  facilitate  such  treatments. 
Examples  of  possible  sources  of  contamination  of  foods  wath  microorgan¬ 
isms  are  travs,  bins,  tanks,  pipes,  flumes,  tables,  conv'eyor  belts  and 
aprons,  fillers,  blanchers,  presses,  screens,  and  filters.  Wooden  surfaces 
are  difficult  to  clean  and  sanitize  and  therefore  are  especially  likely  to  be 
sources  of  contamination,  as  are  cloth  surfaces,  e.g.,  on  conveyor  belts. 
Neglected  parts  of  anv'^  food-handling  sv’stem  can  build  up  numbers  of 
microorganisms  to  contaminate  the  food.  Ilot-w'ater  blanching,  although 
it  reduces  total  numbers  of  organisms  on  the  food,  may  cause  the 
build-up  of  spores  of  thermophilic  bacteria  causing  the  spoilage  of 
canned  foods,  e.g.,  flat  sour  spores  in  peas. 

Inclusion  of  decayed  parts  or  fruits  increases  the  numbers  of  micro¬ 
organisms  in  fruit  juices.  Numbers  in  orange  juice,  for  example,  and 
numbers  of  coliforms  are  increased  greatly  Iw  the  inclusion  of  fruits  with 
soft  rots.^  Heating  of  grapes  before  extraction  reduces  numbers  of  organ¬ 
isms  in  the  expressed  juice,  but  pressing  introduces  contamination.* 

‘  E.  R.  Wolford  and  J.  Rerrv,  Food  Research,  13:  172—178  (1948). 

’  D.  K.  Tresslcr  and  C.  S.  IVilcrson,  Food  Research,  1:  87-97  ( 1936). 
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Average  results  from  thirteen  pea-freezing  plants  showing  numbers  of 
bacteria  on  the  peas  at  different  stages  are  shown  in  Table  S-1.  The 
build-up  of  numbers  after  blanching  from  10,000  per  gram  to  736,000  per 
gram  prior  to  freezing  should  be  noted.  Observe  also  the  deci  eases  in 
numbers  as  the  result  of  washing,  blanching,  and  fieezing. 

The  kinds  of  microorganisms  from  etpiipment  will  depend  upon  the 
product  being  processed,  for  that  product  will  constitute  the  culture 
medium  for  the  organisms.  Thus  pea  residues  would  encourage  bacteria 
that  grow  well  in  a  pea  medium  and  tomatoes  those  organisms  that  can 
develop  in  tomato  juice.  As  the  equipment  is  used  throughout  the  day 

Table  5—1.  Average  Nuinhers  of  Bacteria  on  Peas  during  Processing 
in  Thirteen  Pea-freezing  Plants f 

Point  of  sampling  Bacteria  on  peas 

(Nos/k) 

Platform .  11, ,  ()()() 

.\fter  wa-shing .  1  ,()!(() ,()()() 

After  l)lanching .  10, ()()() 

End  of  flume .  2110,000 

End  of  inspeetion  belt .  410,000 

Entrance  to  freezer .  730,000 

.\fter  freezing .  ,500,000 

t  Western  Regional  Laboratory,  USI).\,  .\lbany,  Calif.,  1044. 

the  organisms  can  continue  to  build  up.  At  the  end  of  the  run,  however, 
when  equipment  is  cleansed  and  sanitized,  total  numbers  of  microorgan¬ 
isms  thereon  are  greatly  reduced,  and  if  the  operation  is  efficient  only  the 
resistant  forms  survive.  Therefore  spores  of  bacteria  are  likely  to  survive 
and,  if  conditions  for  growth  are  present  while  the  equipment  is  idle, 
these  spore-formers  may  increase  in  numbers,  especially  in  poorly 
cleansed  parts.  The  thermophilic  spore-formers  so  troublesome  to  canners 
of  vegetables  build  up  in  this  manner  and  add  to  the  difficultv  of  giving 
the  foods  an  adequate  heat  process.  The  numbers  of  such  organisms  on 
poorly  cleaned  and  sanitized  equipment  may  be  high  at  the  start  of  a 
day’s  run  and  decrease  as  the  day  progresses,  but  the  reverse  usually  is 
true.  A  layoff  during  the  run  permits  a  renewed  increase  in  numbers.  It 
is  obvious  that  the  numbers  of  microorganisms  that  enter  foods  from 
equipment  are  dependent  upon  the  opportunities  given  these  organisms 
for  growth,  and  that  these  opportunities  are  the  result  of  inadecjuacy  of 
cleansing  and  sanitizing  combined  with  favorable  conditions  of  moisture 
and  temperature  for  an  appreciable  time.  Added  ingredients  like  sugar 
or  starch  may  add  spoilage  organisms,  especially  spores  of  thermophilic 
bacteria. 
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MEATS  AND  MEAT  PRODUCTS 

The  healthy  inner  flesh  of  meats,  as  well  as  of  poultry  and  fish,  has 
been  reported  to  contain  few  or  no  microorganisms  for  the  most  part, 
although  they  have  been  found  in  lymph  nodes,  bone  marrow,  and  eyen 
flesh,  as  preyiously  mentioned.  The  important  contamination,  howeyer, 
comes  from  outside  during  slaughtering,  handling,  and  processing.  Dur¬ 
ing  slaughtering,  skinning,  and  cutting,  the  main  sources  of  microorgan¬ 
isms  are  the  outside  of  the  animal  (hide,  hoofs,  and  hair)  and  the 
intestinal  tract.  When  a  hog  is  “stuck,”  any  contaminating  bacteria  on  the 
knife  are  soon  found  in  meat  in  yarious  parts  of  the  carcass,  carried  there 
by  blood  and  lymph  yessels.  The  exterior  of  the  animal  harbors  large 
numbers  and  many  kinds  of  microorganisms  from  soil,  water,  feed,  and 
manure,  as  well  as  its  natural  surface  flora,  and  the  intestinal  contents 
contain  the  intestinal  organisms.  Kniv'es,  cloths,  air,  and  hands  and  cloth¬ 
ing  of  the  workers  can  serv^e  as  intermediate  sources  of  contaminants. 
During  the  handling  of  the  meat  thereafter,  contamination  can  come  from 
carts,  boxes,  or  other  containers,  from  other  contaminated  meat,  from  air, 
and  from  personnel.  Especially  undesirable  is  the  addition  of  psychro- 
philic  bacteria  from  any  source,  e.g.,  from  other  meats  that  haye  been  in 
chilling  storage.  Special  equipment  such  as  grinders,  sausage  stuflers  and 
casings,  and  ingredients  in  special  products,  e.g.,  fillers  and  spices,  may 
add  undesirable  organisms  in  appreciable  numbers,  and  sawdust  on 
floors  of  processing  rooms  may  contaminate  meat  with  mold  spores. 
Growth  of  microorganisms  on  surfaces  contacting  the  meats  and  on  the 
meats  themselyes  increase  their  numbers. 

Because  of  the  yaried  sources,  the  kinds  of  microorganisms  likely  to 
contaminate  meats  are  many.  Molds  of  many  genera  may  reach  the  sur¬ 
faces  of  meats  and  grow  there.  Especially  important  are  species  of  the 
genera  CAadosporiuin,  Sporofrichuni,  Oospora  (Geotrichiini),  Thamnid- 
iuni,  Mucor,  PenicilUiini,  Alternaria,  and  Monilia,  leasts,  mostly  asporog- 
enous  ones,  often  are  present.  Bacteria  of  many  genera  are  found,  among 
which  some  of  the  more  important  are  Pseudomona.s,  Achrotuohactcr, 
Micrococctis,  Streptococcus,  Sarcina,  Lcuconostoc,  Lactobacillus,  Proteus, 
Flavohacterium,  Bacillus,  Clostridium,  Escherichia,  and  Strcptomijccs. 
Many  of  these  bacteria  can  grow  at  chilling  temperatures.  There  also  is 
the  possibility  of  the  contamination  of  meat  and  meat  products  with 
human  pathogens,  especially  those  of  the  intestinal  type.  Contamination 
of  meat  in  the  packing  plant  is  discussed  further  in  Chapter  14. 

In  the  retail  market  and  in  the  home  additional  contamination  iisualK 
takes  place.  In  the  market  kni\es,  saws,  cleayers,  slicers,  grinders,  chop¬ 
ping  blocks,  scales,  sawdust,  and  containers,  as  well  as  the  market  oper- 
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ators,  may  be  sources  of  organisms.  In  tlie  borne  the  refrigerator  con¬ 
tainers  used  previously  to  store  meats  can  serve  as  sources  of  spoilage 
organisms. 


EGGS  AND  POULTRY 

Although  the  majority  of  freshly  laid  eggs  are  sterile  inside,  the  shells 
soon  become  contaminated:  by  fecal  matter  from  the  hen,  by  the  lining 
of  the  nest,  by  wash  water  if  the  eggs  are  washed,  by  handling,  and, 
perhaps,  by  the  material  in  which  the  eggs  are  packed.  Molds  and  bac¬ 
teria  from  these  sources  can  grow  through  a  moistened  shell  and  into  the 
egg.  Since  eggs  usually  are  cooled  promptly  and  stored  at  chilling  tem¬ 
peratures,  contamination  with  low-temperature  bacteria  like  those  of  the 
genera  Pseudomonas,  Proteus,  and  Aehromohaeter  is  especially  undesir¬ 
able.  Experiments  by  Gillespie,  Scott,  and  Vickery^  have  showm  that  most 
of  the  bacteria  normally  on  eggshells  are  Gram-positive  cocci  and  rods 
that  are  not  concerned  with  rotting  and  that  comparatively  few  of  the 
Gram-negative  bacteria,  some  of  which  cause  rots,  are  present  unless 
larger  numbers  are  added  by  washing  methods.  Salmonella  species  may 
be  in  eggs  as  laid,  build  up  during  processing,  and  be  present  in  signifi¬ 
cant  numbers  in  frozen  or  dried  eggs. 

Sources  of  contamination  discussed  under  the  heading  of  meats  apply 
fairly  well  to  poultry.  Undrawn  poultiw  is  not  subject  to  contamination 
from  the  alimentar)"  tract  of  the  fow^l  but  develops  off-flavors  as  the  result 
of  microbial  grow^th  in  that  tract.  To  the  natural  flora  on  the  skin  of  the 
fowl  is  added  contamination  from  feathers  and  feet  during  plucking  and 
washing,  plus  intestinal  bacteria  if  the  fow^l  is  eviscerated.  The  lining  of 
the  body  cavity  is  similarly  contaminated. 

FISH  AND  SEAFOOD 

The  slime  that  coxers  the  outer  surface  of  fish  has  been  found  to  con¬ 
tain  bacteria  of  the  genera  Pseudomonas,  Aehromohaeter,  Mierococcus, 
Flavohacterium,  Conjnehaeterium,  Sarcina,  and  Serrafia.  In  the  intestines 
are  found  bacteria  of  the  genera  Aehromohaeter,  Pseudomonas,  Flavo- 
haeterium.  Bacillus,  Clostridium,  and  Eseheriehia.  Boats,  fish  houses,  and 
fishermen  soon  become  heavily  contaminated  wath  these  bacteria  and 
transfer  them  to  the  fish  during  cleaning.  Unopened  fish,  or  fish  “in  the 
round,”  have  been  reported  to  keep  better  for  a  wUile  than  opened  fish 
because  contamination  of  the  body  cavity  is  avoided.  Bacteria  are  sup¬ 
posed  to  spread  through  the  fish  flesh  \'ia  tlie  gills. ^ 

‘J.  M.  Gillespie,  W.  j.  Scott,  and  J.  R.  Vickery,  Australian  J.  Appl  Set  1-  313- 
329  (1950).  '  //  •>  • 
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Oysters  and  other  sliellfish  that  pass  large  amounts  of  water  through 
their  bodies  pick  up  microorganisms  in  this  way,  including  pathogens  if 
they  are  present. 

Shrimp,  crabs,  lobsters,  and  similar  seafood  have  a  bacteria-laden  slime 
on  their  surfaces  that  probably  resembles  that  of  fish.  Achromohacter, 
Bacillus,  Alcaligenes,  and  Proteus  species  have  been  found  on  shrimp,  o 

Since  the  surface  flora  of  fish  and  other  sea  animals  seems  to  consist 
chieflv  of  water  bacteria,  the  icing  of  these  foods  would  not  be  expected 
to  add  much  in  the  way  of  contamination.  Ices  containing  antiseptic  or 
germicidal  chemicals  have  been  used. 

MILK  .\\D  MILK  PRODUCTS 

As  has  been  stated  in  the  previous  chapter,  milk  contains  a  low  num¬ 
ber  of  bacteria  when  it  leaves  the  udder  of  the  cow,  bacteria  that  for  the 
most  part  do  not  grow  well  in  milk  under  the  usual  conditions  of  its  han¬ 
dling.  Next,  the  milk  becomes  subject  to  contamination  from  the  exterior 
of  tlie  animal,  especiallv  the  exterior  of  the  udder  and  adjacent  parts. 
Bacteria  of  manure,  soil,  and  water  may  enter  from  this  source,  although 
fewer  organisms  enter  in  this  way  when  a  milking  machine  is  employed 
than  when  milking  is  bv  hand.  Such  contamination  is  reduced  by  clipping 
the  cow,  especially  the  flanks  and  udder,  grooming  the  cow,  and  washing 
the  udder  with  water  or  a  germicidal  solution.  Contamination  of  the  cow 
with  soil,  water,  and  manure  is  reduced  by  paving  and  draining  barn- 
vards,  keeping  cows  from  stagnant  pools,  and  cleaning  manure  from  the 
barns  or  milking  parlors.  Use  of  a  small-top  milking  pail  reduces  con¬ 
tamination  during  hand  milking.  Contamination  from  the  air  of  barn  or 
milking  parlor  mav  contribute  organisms  of  feed,  soil,  or  manure  to  milk, 
but  the  numbers  added  in  this  manner  are  negligible  unless  an  abnormal 
amount  of  dust  has  been  raised. 

The  next  source  of  contamination  is  the  milk  pail  or  milking  machine, 
as  the  case  may  be,  strainers,  then  the  milk  cans,  or  the  pipelines  and 
milk  coolers.  Planless  these  dairy  utensils  are  adecjuately  cleansed  and 
sanitized  thev  can  be  a  most  important  source  of  contamination  in  that 
they  may  not  onlv  add  considerable  numbers  of  bacteria  to  the  milk  but 
also  some  of  the  most  undesirable  kinds.  If  utensils  are  poorly  cleansed, 
sanitized,  and  dried,  bacteria  may  develop  in  large  numbers  in  the  dilute, 
milklike  residue  and  enter  the  next  milk  to  contact  the  utensils.  These 
bacteria  are  the  kinds  that  grow  best  in  milk  and  hence  endanger  its 
keeping  fjualitv.  Undesirable  bacteria  from  utensils  include  the  lactics, 
especially  Sfrcptococctis  lacfis,  the  coliform  bacteria,  low-temperattire 
bacteria,  and  “thermodurics,”  those  that  n\sist  pasteurization. 

Other  possible  sources  of  contamination  are  the  hand  milker  or  other 
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dairy  workers,  who  normally  would  contribute  very  few  bacteria  but 
might  be  a  source  of  pathogens;  and  flies,  which  may  add  spoilage  organ¬ 
isms  or  pathogens. 

The  numbers  of  bacteria  per  milliliter  of  milk  added  from  the  various 
sources  will  depend  on  the  care  taken  to  avoid  contamination.  The  udder 
may  add  from  several  hundred  to  several  thousand  per  millilitei.  Quiet 
air  adds  very  few  organisms,  but  verv  dusty  air  may  add  seveial  thousand 
per  milliliter.  The  exterior  of  the  cow  would  contribute  comparativ^ely 
few  organisms  if  precautions  were  taken  and  a  milking  machine  used, 
but  under  very  bad  conditions  thousands  per  milliliter  could  enter  the 
milk.  Utensils  can  be  so  well  cleansed  and  sanitized  as  to  add  only  a  few 
bacteria  per  milliliter  of  milk,  but  under  very  poor  conditions  may  in¬ 
crease  the  bacterial  count  of  milk  by  millions  per  milliliter.  A  number  of 
flies  would  have  to  drop  into  a  tank  of  milk  to  increase  the  bacterial 
count  appreciably  although  the  average  number  of  bacteria  per  fly  is 
about  a  million.^ 

Other  utensils  mav  add  contaminants  after  the  milk  leaves  the  farm: 
the  tanker  truck  and  various  utensils  and  ecpiipment  at  the  market  milk 
plant,  cheese  factory,  condensery,  or  other  processing  plant.  In  the  plants, 
vats,  tanks,  pumps,  pipelines,  valves,  separators,  clarifiers,  homogenizers, 
coolers,  strainers,  stirrers,  bottle  fillers,  and  bottles  are  possible  sources 
of  bacteria,  and  the  amount  of  contamination  from  them  will  depend 
upon  methods  of  cleansing  and  sanitizing  employed.  Here,  too,  employees 
are  possible  sources  of  pathogens. 

Any  of  the  dairv  products  made  from  milk  mav  be  subject  to  contami¬ 
nation  additional  to  that  alreadv  in  the  milk.  Rutter  may  receive  organ¬ 
isms  from  the  churn,  from  the  water  used  in  its  washing,  from  old  cream 
in  which  much  growth  has  taken  place,  or  from  packaging  materials.  Dry 
milk,  evaporated  milk,  and  sweetened  condensed  milk  may  be  contami¬ 
nated  by  the  special  equipment  used  in  their  preparation.  Cheese  is 
contaminated  from  air,  brine  tanks,  shelves,  and  packaging  materials,  etc. 
Ice  cream  also  may  have  organisms  added  bv  its  ingredients. 

It  should  be  kept  in  mind  that  the  number  of  microorganisms  in  milk 
or  other  dairy  products  may  be  increased  by  the  growth  of  the  organisms, 
unless  methods  of  production  and  handling  prevent  it. 


SUGAR  AND  SUGAR  PRODUCTS 
Sucrose 

The  raw  juice  from  sugar  cane  may  become  high  in  microbial  content, ^ 
unless  processing  is  prompt.  The  kinds  of  microorganisms  are  those  from 

’  W.  M.  Esten  and  C.  J.  Mason,  Conn.  (Storrs)  Agr.  Expt.  Sta.  Bull.  51  (1908) 

W.  L.  Owen,  Louhiana  Agr.  Expt.  Sta.  Btdl  146  0914). 
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the  sugar  cane  and  the  soil  contaminating  the  plants.  Manufacturing 
processes,  especially  heat,  clarification,  filtration,  and  crystallization, 
greatly  reduce  these  numbers  and  usually  eliminate  all  but  bacterial 
spores.  Most  of  the  mesophiles  in  sugar  enter  from  the  factory  and  the 
air  after  the  yacuum  pans  and  ev^aporators.  Spores  of  thermophiles  enter 
with  the  raw  product  and  may  increase  some  during  processing,  due 
partly  to  contamination  from  etjuipment  and  partly  to  concentration. 
Treatment  with  utrayiolet  rays  and  with  hydrogen  peroxide  plus  heat 
has  been  used  to  reduce  numbers  of  spores  of  thermophiles.  Spoilage 
organisms,  species  of  Leuconostoc  and  Bacillus,  and  molds,  for  example, 
supposedly  come  from  the  processing  plant.  Similar  considerations  would 
hold  for  beet  sugar.  Granulated  sugar  now  on  the  market  is  yery  low  in 
microbial  content  for  the  most  part,  and  may  contain  from  a  few  to 
seyeral  hundred  organisms  per  gram,  mostly  bacterial  spores,  because  of 
methods  of  extraction,  clarification,  sedimentation,  eyaporation,  crystalli¬ 
zation,  and  further  refining,  plus  bactericidal  ray  or  heat-treatments. 

Little  information  is  ayailable  on  the  microbial  content  of  unspoiled 
sirups  and  molasses.  The  special  flayor  of  Barbados  molasses  has  been 
reported  to  be  due  to  fermentation  by  Zygosaccharomyces  yeasts  and 
Clostridium  saccharolyticum. 

Maple  Sirup 

Sap  of  the  sugar  maple  in  the  yascular  bundles  is  sterile  or  practically 
so,  but  becomes  contaminated  from  outside  sources  in  the  tap  holes  and 
by  the  spout  and  buckets.  If  a  period  of  unusual  warmth  occurs  before 
the  sap  is  collected,  considerable  growth  of  yeasts  and  bacteria  may  take 
place  in  the  sap.  Usually  the  bucket  is  not  sanitized  after  it  is  emptied, 
and  the  next  lot  of  sap  starts  off  contaminated.  The  concentration  of  the 
sap  reduces  its  microbial  content  to  low  numbers. 

Honey 

The  chief  sources  of  microorganisms  in  honey  are  the  nectar  of  flowers 
and  the  honey  bee.  Yeasts  hav^e  been  shown  to  come  from  nectar  and 
from  the  intestinal  contents  of  the  bee,  and  also  bacteria  from  the  latter 
source. 

Candy 

Candies  from  retail  markets  have  been  found  to  contain  from  0  to 
2,(K)0,0()0  bacteria  per  piece,  but  most  pieces  harbored  no  more  than  a 
fevy  hundred.  Few  coliform  bacteria  were  found.  The  candies  receiyed 
most  of  their  contamination  from  their  ingredients,  although  some  may 
be  added  to  unwrapped  pieces  by  air,  dust,  and  handling. 
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The  exterior  of  grains  contains  some  of  the  natural  flora  that  they  had 
while  growing,  plus  contamination  from  soil  and  other  sources.  If  the 
grains  have  been  stored  under  moist  conditions,  molds  may  have  grown 
and  produeed  their  spores.  Scouring  and  washing  of  the  grains  removes 
part  of  the  microorganisms.  Most  of  the  microorganisms  go  with  the 
outer  portions  of  the  grain  during  milling.  The  milling  processes,  espe¬ 
cially  bleaching,  reduce  numbers  of  organisms,  but  there  also  is  a  possi¬ 
bility  of  contamination  during  some  procedures,  such  as  blending  and 
conditioning. 

The  surface  of  a  freshly  baked  loaf  of  bread  is  practically  free  of  micro¬ 
organisms  but  is  .  subject  to  contamination  by  mold  spores  from  the  air 
during  cooling  and  before  wrapping.  Contamination  also  may  take  place 
during  slicing,  from  the  air,  from  the  knives,  or  from  the  wrapper.  Cakes 
are  similarly  subject  to  contamination.  Rope  spores  in  the  dough  will 
survive  the  baking  process. 


OTHER  FOODS 

Food  products  compounded  from  combinations  of  the  different  groups 
of  foods  just  discussed  also  would  combine  their  microbial  contents,  and 
the  new  product  may  furnish  a  good  culture  medium  for  microorganisms 
that  previously  had  little  chance  to  grow.  Thus  yeasts  from  sugar  added 
to  bottled  soft  beverages  may  spoil  the  product.  The  bottlers  of  car¬ 
bonated  beverages  have  recommended  tentative  bacteriological  standards 
for  sugar:  not  over  200  mesophilic  bacteria  per  10  grams  and  not  more 
than  10  yeasts  or  molds.  The  water  and  flavoring  materials  also  are 
potential  sources  of  contamination.  Spices  and  condiments  added  to 
foods  may  be  important  sources  of  microorganisms,  although  these  flavor¬ 
ing  substances  now  usually  are  treated  with  ethylene  oxide  gas  to  give 
them  a  low  microbial  content.  Microorganisms  are  added  to  salad  dress¬ 
ings  by  ingredients  like  the  spices,  condiments,  eggs,  and  pickles.  Salt 
(sodium  chloride),  especially  solar  salt,  may  add  halophilic  and  salt- 
tolerant  bacteria  to  salted  fish  and  other  salted  or  brined  produets. 


SUMMARY 

It  has  been  pointed  out  that  foods  are  contaminated  with  microorgan¬ 
isms  in  natural  conditions  and  that  further  contamination  takes  place 
during  most  of  their  handling.  Whenever  the  food  is  handled  personally 
by  human  beings  there  always  is  the  possibility  of  the  addition  of  human 
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pathogens.  Foods  may  be  contaminated  by  each  other  and  by  all  pieces 
of  ecpiipment  witli  which  they  come  in  contact,  and  contaminants  may 
build  up  in  numbers  on  this  ecjuipment  to  constantly  seed  organisms  into 
the  foods.  Air,  dust,  water,  and  ingredients  may  add  their  quota  of  con¬ 
taminants.  And  the  kinds  and  numbers  of  contaminating  microorganisms 
will  determine  tlie  keeping  cpiality  of  the  food,  the  rate  and  kind  of 
spoilage  likely  to  take  place,  and  the  processing  needed  for  preservation 
of  the  food. 
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PART  TWO 


Preservation  of  Foods 


An  attempt  has  been  made  in  this  section  to  outline  the  principles,  espe¬ 
cially  those  of  a  microbiological  nature,  involved  in  the  various  methods 
of  food  preservation,  and  to  illustrate  the  employment  of  the  various 
methods  in  the  preservation  of  the  main  groups  of  foods.  The  spoilage 
of  foods  resulting  from  failure  of  these  preserv^ative  methods  will  be  dis¬ 
cussed  in  the  following  section. 

Improvements  in  methods  of  food  preserv^ation  and  transportation, 
made  mostly  in  comparatively  recent  times,  have  made  possible  the  suc¬ 
cessful  feeding  of  heavy  populations  in  countries  unable  to  raise  all  their 
own  food  and  in  areas  in  and  about  large  cities.  As  a  result  of  the  im¬ 
proved  methods  of  preservation  and  transportation  our  diet  has  become 
more  varied  and  better  balanced,  perishable  foods  hav^e  been  made  avail¬ 
able  the  year  round  instead  of  only  seasonally,  the  preparation  of  meals 
has  been  made  easier,  and  foods  in  general  are  being  produced  in  a 
cleaner  and  more  sanitarv  manner  than  previously. 


•* 


I  CHAPTER  6  General  Principles  of  Food  Preservation- 

Asepsis,  Removal,  Anaerobic  Conditions 


Foods  for  human  consumption  may  he  divided  into  eiglit  main  grou]:)s, 
four  of  plant  and  four  of  animal  origin,  and  several  lesser  groups.  The 
eight  main  classes  of  foods  are: 


Foods  from  Plants 


Foods  from  Animals 


Cereals  and  cereal  products 
Sugar  and  sugar  products 
Vegetables  and  vegetable  products 
Fruits  and  fruit  products 


Meats  and  meat  products 
Poultry  and  eggs 
Fish  and  other  seafood 
Milk  and  milk  products 


To  the  list  of  foods  of  plant  origin  eould  be  added:  the  spices  and  other 
flavoring  materials,  the  nuts,  and  fungi  grown  for  food  (yeasts,  molds, 
mushrooms,  ete. ) .  Sodium  chloride  is  both  a  mineral  food  and  a  flavor¬ 
ing  material.  Some  foods  may  be  fortified  with  minerals,  e.g.,  iron  and 
ealcium  compounds  added  to  flour.  Some  of  the  coloring  and  flavoring 
materials  used  in  foods  are  synthetie.  Vitamins  usually  are  present  in 
foods,  but  may  be  added  or  eonsumed  separately,  after  ehemical  svn- 
thesis  or  production  by  microorganisms. 

Most  kinds  of  food  are  readily  decomposed  by  microorganisms  unless 
special  methods  are  used  for  their  preservation. 

METHODS  OF  FOOD  PRESERVATION 

The  chief  methods  of  food  preservation  are: 

1.  Asepsis,  or  keeping  out  microorganisms. 

2.  Removal  of  microorganisms. 

3.  Maintenance  of  anaerobic  conditions,  e.g.,  in  a  sealed,  evacuated 
container. 

4.  Use  of  high  temperatures. 

5.  Use  of  low  temperatures. 
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6.  Drying:  this  includes  the  tying  up  of  water  by  solutes,  hydrophilic 
colloids,  etc, 

7.  Use  of  chemical  preservatives,  either  developed  by  microorganisms 
or  added. 

8.  Irradiation. 

9.  Mechanical  destruction  of  microorganisms,  e.g.,  by  grinding,  high 
pressures,  etc.  (not  list'd  industriallv ). 

10.  Combinations  of  two  or  more  of  the  abov^e  methods.  Only  rarely 
is  a  single  method  effective,  and  usuallv^  several  are  combined.  For  ex¬ 
ample,  canned  foods  are  preserv^ed  by  heat-processing  them  in  an  evacu¬ 
ated,  sealed  can. 


PRINCIPLES  OF  FOOD  PRESERVATION 

In  accomplishing  the  preservation  of  foods  by  the  various  methods 
the  following  principles  are  inv'olved: 

1.  Prevention  or  delay  of  microbial  decomposition: 
a.  Bv  keeping  out  microorganisms  (asepsis)- 

/;.  Bv^  removal  of  microorganisms,  e.g.,  by  filtration  • 

c.  Bv  hindering  the  growth  and  activ'itv'  of  microorganisms,  e.g.,  by 
lovv^  temperatures,  drv'ing,  anaerobic  conditions,  or  chemicals 

d.  Bv^  killing  the  microorganisms,  e.g.,  by  heat  or  radiations 

2.  Prevention  or  delay  of  self-decomposition  of  the  food: 

a.  Bv  destruction  or  inactiv^ation  of  food  enzymes,  e.g.,  by  blanching 
h.  Bv  prevention  or  delav^  of  purelv"  chemical  reactions,  e.g.,  prev'en- 
tion  of  oxidation  bv  means  of  an  antioxidant 

3.  Prevention  of  damage  because  of  insects,  animals,  mechanical 
causes,  etc.  This  subject  is  beyond  the  scope  of  this  textbook. 

The  methods  used  to  control  the  activities  of  the  microorganisms 
usuallv  are  effective  against  enzvmatic  activ'ity  in  the  food  or  chemical 
reactions.  Methods  like  drving  or  use  of  low  temperatures,  however, 
permit  autodecom|:)Osition  to  continue  unless  special  precautions  are 
takt'n.  For  example,  most  vegetables  are  blanched  (heated)  to  inactivate 
their  en/vmes  before  being  frozen. 

Delay  of  Microbial  Decom|>osition 

Manv  of  the  commonlv  emplov’ed  methods  of  food  preservation  de¬ 
pend  not  on  the  destruction  or  rcmov’a’l  of  microorganisms  but  rather  on 
delay  in  the  initiation  of  growth  and  hindrance  to  growth  once  it  has  begun. 

Growth  Curve  of  \iicrohi(d  Citit tires.  \\’henever  microorganisms  are 
added  to  a  food  and  conditions  are  favorable,  the  organisms  will  begin 
to  multiply  and  will  pass  through  a  succession  of  phases.  When  counts 
of  organisms  are  made  periodically  and  the  results  are  plotted  with 
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logarithms  of  numbers  of  organisms  per  milliliter  as  ordinates  and  time 
units  as  abscissas,  a  growth  curve  is  obtained  as  diagramed  in  Figure 
6-1.  This  curve  ordinarily  is  di\'ided  into  phases  as  indicated  in  the 
figure:  (1)  the  initial  lag  phase  (A  to  B),  during  which  there  is  no 
growth  or  even  a  decline  in  numbers;  (2)  the  phase  of  positive  accelera¬ 
tion  (B  to  C),  during  which  the  rate  of  growth  is  continuously  increas¬ 
ing;  (3)  the  logarithmic  phase  of  growth  (C  to  D),  during  which  the 
rate  of  multiplication  is  most  rapid  and  is  constant;  (4)  the  phase  of 
negative  acceleration  (D  to  E),  during  which  the  rate  of  multiplication 


TIME  IN  HOURS 

6—1.  Growth  curve  of  microorganism.  A  to  B,  lag  phase;  B  to  C,  phase  of  posi¬ 
tive  aecelelation;  C  to  D,  logarithmic  phase;  D  to  E,  phase  of  negative  acceleration; 
E  to  F,  maximum  stationary  phase;  F  to  G,  accelerated  death  phase;  and  G  to  H, 
death  phase. 


is  decreasing;  (5)  the  maximum  stationary  phase  (E  to  F),  where  num¬ 
bers  remain  constant;  (6)  the  accelerated  death  phase  (F  to  G);  and 
Hnal  death  phase,  or  phase  of  decline  (G  to  H),  during  which 
numbers  decrease  at  an  unchanging  rate. 

Applications  to  Food  Preservation.  Especially  important  in  food 
preservation  (i.e.,  prevention  of  spoilage)  is  the  lengtliening,  as  much 
as  possible,  of  the  lag  pliase  and  the  phase  of  positive  acceleration, 
often  combined  and  called  the  lag  phase.  This  can  be  accomplished 
m  different  ways:  (1)  By  the  introduction  of  as  few  spoilage  organ¬ 
isms  as  possible,  that  is,  by  reducing  the  amount  of  contamination, 
for  the  fewer  organisms  there  are  present,  the  longer  will  be  the  lag 
phase.  ( 2 )  By  avoiding  the  addition  of  actively  growing  organisms  ( from 
the  logarithmic  phase  of  growth).  Such  organisms  might  be  growing 
on  unclean  containers,  ecpiipment,  or  utensils  tiiat  come  in  contact  with 
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foods.  (3)  By  one  or  more  unfavorable  environmental  conditions:  un¬ 
favorable  food,  moisture,  temperature,  pH  or  O-R  potential,  or  presence 
of  inhibitors.  The  greater  the  numbers  of  these  conditions  that  were 
unfavorable,  the  longer  would  be  the  delay  of  the  initiation  of  growth. 

( 4 )  By  actual  damage  to  organisms  by  processing  methods  such  as  heat¬ 
ing  or  irradiation.  Thus,  for  example,  bacteria  or  their  spores  subjected 
to  sublethal  heat-treatments  have  been  found  to  recjuire  a  better  culture 
medium  for  growth  than  the  unheated  organisms.  Often  a  combination 
of  methods  for  delaving  the  initiation  of  growth  is  enough  to  give  a  food 
the  desired  storage  life. 

From  the  growth  curve,  the  generation  time  of  the  organisms  can  be 
calculated,  that  is,  the  time  that  elapses  between  the  formation  of  a 
daughter  cell  and  its  division  into  two  new  cells.  The  generation  time 
will  be  shortest  during  the  logarithmic  phase  of  growth,  and  its  length 
will  vary  with  the  environmental  conditions  during  growth,  such  as  the 
tvpe  of  food,  its  pH,  temperature,  oxidation-reduction  potential,  available 
moisture,  and  presence  of  inhibitors.  The  generation  time  shortens  as 
conditions  become  more  favorable  and  lengthens  as  they  become  less 
favorable.  Any  change  in  the  environment  that  will  extend  the  generation 
time  will  more  than  proportionally  lengthen  the  keeping  time  of  the 
food.  A  drop  in  temperature,  for  example,  will  lengthen  the  generation 
time  and  hence  the  keeping  time.  This  is  illustrated  by  the  figures  in 
Table  6-1,  where  generation  times  of  30,  60,  and  120  min  are  compared. 


Table  6-1.  Effect  of  Generation  Time  on  Numbers  of  Bacteria  from  a  Single 
Original  Cell  after  Different  Time  Intervals 


Time, 

hr 

Cleneration  time  (min) 

30 

60 

120 

Nvimbers  of  bacteria 

Numbers  of  bacteria 

Numbers  of  bacteria 

0 

1 

1 

1 

1 

4 

2 

1 

2 

16 

4 

2 

3 

64 

8 

2 

4 

256 

16 

4 

5 

1  .024 

32 

4 

6 

4.006 

64 

8 

7 

16.384 

128 

8 

8 

65 . 536 

256 

16 

0 

262.144 

512 

16 

10 

1 .048.576 

1  .024 

32 

20 

About  10'* 

1 .048.576 

1  .024 
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If  we  start  with  a  single  cell,  and  if  it  divides  every  30  min  there  will  be 
about  a  million  cells  in  10  hr,  but  only  about  1,000  cells  if  the  generation 
time  were  60  min,  and  only  32  cells  if  it  were  120  min.  This  emphasizes 
the  importance  of  avoiding  contamination  of  food  with  microorganisms 
that  are  in  the  logarithmic  phase  of  growth,  for  when  their  generation 
time  is  the  shortest,  the  lag  phase  will  be  brief,  and  multiplication  will 
proceed  at  its  most  rapid  rate. 

Prevention  of  Mierobial  Decomposition 

Microbial  decomposition  of  foods  will  be  prevented  if  all  spoilage 
organisms  are  killed  ( or  removed )  and  recontamination  is  prevented.  As 
will  be  pointed  out  in  later  chapters,  the  killing  of  microorganisms  by 
most  agencies  is  easier  with  smaller  initial  numbers  present  than  with 
larger  numbers,  reemphasizing  the  importance  of  contamination.  Espe¬ 
cially  important  is  the  introduction  or  building  up  of  forms  markedly 
resistant  to  the  lethal  agency  being  emploved,  of  heat-resistant  bacterial 
spores  when  foods  are  to  be  heat-processed,  or  of  organisms  resistant  to 
irradiation  when  ionizing  radiations  are  to  be  applied.  Vegetativ^e  cells  of 
organisms  in  their  logarithmic  phase  of  growth  are  least  resistant  to 
lethal  agencies,  and  they  are  more  resistant  in  their  late  lag  or  their 
maximum  stationary  phase  of  growth. 


ASEPSIS 

In  nature  there  are  numerous  examples  of  asepsis,  or  keeping  out 
microorganisms,  as  a  preservative  factor.  The  healthy  inner  tissues  of 
plants  and  animals  usually  are  free  from  microorganisms,  and  if  any 
are  present  they  are  unlikely  to  initiate  spoilage.  If  there  is  a  protective 
covering  about  the  food,  microbial  decomposition  is  delayed  or  pre¬ 
vented.  Examples  of  such  coverings  are  the  shells  of  nuts,  the  skins  of 
fruits  and  vegetables,  the  husks  of  ear  corn,  the  shells  of  eggs,  and  the 
skin,  membranes,  or  fat  on  meat  or  fish.  It  is  only  when  the  protecti\’e 
covering  has  been  damaged  or  decomposition  has  spread  from  the  outer 
surface  that  the  inner  tissues  are  subject  to  decomposition  by  micro¬ 
organisms. 

In  the  food  industries  an  increasing  amount  of  attention  is  being  given 
to  the  prevention  of  the  contamination  of  foods,  from  the  raw  material 
to  the  finished  product.  The  food  technologist  is  concerned  with  the 
“load”  of  microorganisms  on  or  in  a  food  and  considers  both  kinds  and 
numbers  of  organisms  present.  The  kinds  are  important  in  that  they  may 
include  dangerous  spoilage  organisms,  those  desirable  in  a  food  fer¬ 
mentation,  or  even  'pathogenic  -  (disease-producing)  microorganisms. 
The  numbers  of  microorganisms  are  important  because  the  more  spoilage 
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ort^anisms  there  are  present,  tlie  more  likely  will  be  the  spoilage  of  the 
food  and  the  more  difficult  its  preser\  ation.  The  “load”  may  be  the  result 
of  contamination,  of  growth  of  organisms,  or  of  both.  The  quality  of 
many  kinds  of  foods  is  judged  partly  by  the  numbers  of  microorganisms 
present.  The  following  are  some  examples  of  the  importance  of  aseptic 
methods  in  food  industries. 

Packaging  of  foods  is  a  widely  used  application  of  asepsis.  The  cover¬ 
ing  mav  range  from  a  loose  carton  or  wrapping,  which  prevents  primarily 
contamination  during  handling,  to  the  hermetically  sealed  container  of 
canned  foods,  which,  if  tight,  protects  the  processed  contents  from  con¬ 
tamination  bv  microorganisms. 

In  the  dairv  industrv  contamination  with  microorganisms  is  avoided 
as  much  as  is  practicable  in  the  production  and  handling  of  market  milk 
and  milk  for  other  puiposes,  and  the  cjuality  of  the  milk  is  judged  by  its 
bacterial  content. 

In  the  canning  industrv  the  load  of  microorganisms  determines  the 
heat  process  necessarv  for  the  preservation  of  a  food,  especially  if  the 
contamination  introduces  heat-resistant  spoilage  organisms,  such  as  the 
spore-forming  thermophiles  that  may  come  from  ecjuipment;  and  the 
sealed  can  prevents  recontamination  after  the  heat-treatment. 

In  the  meat-packing  industrv  sanitarv  methods  of  slaughter,  handling, 
and  processing  reduce  the  “load”  and  thus  improve  the  keeping  (juality 
of  the  meat  or  meat  oroducts. 

I 

In  the  industries  involving  controlled  food  fermentation,  e.g.,  in  cheese 
making,  the  fewer  the  competing  organisms  present  in  the  fermenting 
material  the  more  likelv  will  be  the  success  of  the  fermentation. 


m 

RKMOVAL  OF  MICROOHCAMSMS 

For  the  most  part  the  removal  of  microorganisms  is  not  verv'  effective 
in  food  preservation  but  under  special  conditions  mav  be  helpful.  Re¬ 
moval  may  be  accomplished  by  filtration,  centrifugation  (sedimentation 
or  clarification),  washing,  or  trimming. 

Filtration  is  the  only  successful  method  for  the  complete  removal  of 
organisms,  and  its  use  is  limited  to  clear  lifjuids.  The  lifjuid  is  filtered 
through  a  previously  sterilized  “bacteriaproof”  filter  made  of  asbestos 
pads,  sintered  glass,  diatomaceous  earth,  unglazed  porcelain,  or  similar 
material,  and  the  li(juid  is  forced  through  bv  positive  or  negative  pres¬ 
sure.  This  method  has  been  used  successfully  with  fruit  juices,  btvr,  soft 
drinks,  wine,  and  water. 

Clentrifugation,  or  sedimentation,  generallv  is  not  ver\’  effective,  in 
that  part,  but  not  all,  of  the  microorganisms  are  removt'd.  Sedimentation 
is  used  in  the  treatment  of  drinking  water,  but  is  insufficient  bv  itself. 
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When  centrifugation  (clarification)  is  applied  to  milk  for  cheese  making, 
the  main  purpose  is  not  to  remove  bacteria  but  to  take  out  other 
suspended  materials. 

Washing  of  raw  foods  can  be  helpful  in  their  preservation  but  may  be 
harmful  under  some  conditions.  The  washing  of  cabbage  heads  or  cu¬ 
cumbers  prior  to  their  fermentation  into  sauerkraut  and  pickles,  re¬ 
spectively,  removes  most  of  the  soil  microorganisms  on  the  surface,  and 
in  this  way  increases  the  proportion  that  the  desirable  lactic  acid  bac¬ 
teria  make  of  the  total  flora.  The  washing  of  fresh  fruits  and  vegetables 
removes  soil  organisms  that  might  be  resistant  to  the  heat  process  during 
the  canning  of  these  foods.  Obviously  the  removal  of  organisms  and  of 
food  for  them  from  equipment  coming  into  contact  with  foods,  followed 
by  a  germicidal  treatment  of  the  apparatus,  is  an  essential  and  effective 
procedure  during  the  handling  of  all  kinds  of  foods,  ^^^ashing  of  foods 
may  be  dangerous  if  the  water  adds  spoilage  organisms  or  increases  the 
moisture  so  that  growth  of  spoilage  organisms  is  encouraged,  as  some¬ 
times  happens  with  leafv  vegetables. 

Trimming  away  spoiled  portions  of  a  food  or  discarding  spoiled  sam¬ 
ples  is  important  from  the  standpoint  of  food  laws  and  mav  be  helpful  in 
food  preservation.  Although  large  numbers  of  spoilage  organisms  are 
removed  in  this  way,  heavy  contamination  of  the  remaining  food  may 
take  place.  Trimming  of  the  outer  leaves  of  cabbage  heads  is  recom¬ 
mended  for  the  manufacture  of  sauerkraut. 


MAINTENANCE  OF  ANAEROBIC  CONDITIONS 

A  preservative  factor  in  sealed,  packaged  foods  mav  be  the  anaerobic 
conditions  in  the  container.  A  complete  fill,  evacuation  of  the  unfilled, 
space  (the  head  space  in  a  can),  or  the  replacement  of  the  air  by  carbon 
dioxide  or  by  an  inert  gas  like  nitrogen  will  bring  about  anaerobic  condi¬ 
tions.  Spores  of  some  of  the  aerobic  spore-formers  are  especially  resistant 
to  heat  and  may  survive  in  canned  food  but  be  unable  to  germinate  or 
grow  in  the  absence  of  oxygen.  Production  of  carbon  dioxide  during 
fermentation  and  accumulation  at  the  surface  will  serve  to  make  condi¬ 
tions  anaerobic  there  and  prevent  the  growth  of  aerobes.  An  example  is 
the  water  seal  on  grape  must  being  fermented  to  wine,  where  a  li^dit 
pressure  of  carbon  dioxide  is  maintained. 
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CHAPTER  7  Preservation  by  Use 

of  High  Temperatures 


The  killing  of  microorganisms  by  heat  is  supposed  to  be  due  to  coagula¬ 
tion  of  the  proteins  and  especially  to  the  inactivation  of  enzymes  necessary 
for  metabolism.  The  heat-treatment  necessary  to  kill  orijanisms  or  their 
spores  varies  with  the  kind  of  organism,  its  state,  and  the  environment 
during  heating.  Depending  upon  the  heat-treatment  employed,  only  part 
of  the  vegetative  cells,  most  or  all  of  the  cells,  part  of  the  bacterial  spores, 
or  all  of  them  may  be  killed.  The  heat-treatment  selected  will  depend 
upon  the  kinds  of  organisms  to  be  killed,  other  preservative  methods  to 
be  employed,  and  the  effect  of  heat  on  the  food. 

FACTORS  AFFECTING  HEAT  RESISTANCE 
(THERMAL  DEATH  TIME) 

Cells  and  spores  of  microorganisms  differ  widely  in  their  resistance 
to  high  temperatures.  Some  of  these  differences  are  the  result  of  factors 
that  can  be  controlled,  but  others  are  characteristic  of  the  organisms  and 
cannot  always  be  explained.  There  are  differences  in  heat  resistance 
within  a  population  of  cells  or  spores,  as  is  illustrated  by  the  frequency- 
distribution  curve  in  Figure  7-1.  A  small  number  of  cells  have  low  re¬ 
sistance  (points  A-B);  most  of  the  cells  have  a  medium  resistance  (points 
B-C);  and  a  small  number  have  high  resistance  (points  C-D)  Condi¬ 
tions  of  growth  may  favor  one  or  the  other  of  these  groups,  and,  by 

selection,  cultures  that  are  more  or  less  heat-resistant  than  iisiud  may  be 
produced.  ^ 

Certain  factors  are  known  to  affect  the  heat  resistance  of  cells  or  spores 
and  must  be  kept  in  mind  when  microorganisms  are  compared  and  when 
heat-treatments  for  the  destruction  of  microorganisms  are  considered. 
1  liG  chier  known  ructors  circ  us  follows: 
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Fig.  7-1,  Frequency-distribution  curve  sliowing  heat  resistance  of  cells  in  a  culture. 

1.  The  temperatiire-time  relationship.  The  time  for  killing  eclls  or 
spores  under  a  given  set  of  conditions  decreases  as  the  temperature  is 
increased.  This  is  illustrated  in  Table  7-1  by  the  results  of  Bigelow  and 
Esty  with  115,000  spores  of  flat  sour  bacteria  per  milliliter  in  corn  juice 

Tal)le  7-1.  Effect  of  Temperature  of  Heating  on  Time  Needed  to  Kill  Spores 

of  Flat  Sour  Bacteria 


Temperature 

Time  to  destroy  all  spores 

{°n 

(min) 

100 

1  . 200 

105 

000 

no 

190 

115 

70 

120 

19 

125 

4 

i:io 

8 

i;i5 

1 

Table  7—2.  Effect  of  Initial  Nninhers  of  Spores  on  Time  Hecpiired  to  Kill  Them 


Initial  concentration  of  spores 

Time  required  to  kill  spores 

(nos /ml) 

(min) 

50,000 

14 

5,000 

10 

.■)00 

9 

50 

8 

at  pH  6.1.  .Analogous  results  would  be  ohtainctl  if  vegetati\e  cells  \M‘re 
heated  at  different  lethal  temperatures. 

2.  Initial  concentration  of  spores  (or  cells).  The  more  spores  or  cells 
present,  the  greater  is  the  heat-treatment  necessar\’  to  kill  all  of  them. 
Bigelow  and  Esty  heated  spores  of  a  thermophile  from  spoiled  canned 
food  in  corn  juice  at  pH  6.0  at  12(FC,  with  the  results  in  Table  7-2. 
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3.  Previous  history  of  the  vegetative  cells  or  spores.  The  conditions 
under  which  the  cells  have  been  growui  and  spores  have  been  produced, 
and  their  treatment  thereafter  will  influence  their  resistance  to  heat. 

Table  7-3.  Effect  of  Temperature  of  Formation  of  Spores  of  Bacillus  subtilis 

on  Their  Heat  Pvesistance 


Temperature  of  incubation 

m 

21-2.3 

37  (optimum) 

41 


Time  to  kill  at  lOO®^ 
{min) 

11 

16 

18 


a.  Culture  medium.  The  medium  in  which  growth  takes  place  is 
especially  important.  The  effect  of  the  nutrients  in  the  medium, 
their  kind  and  amount,  varies  with  the  organism,  but,  in  general, 
the  better  the  medium  for  growth,  the  more  resistant  will  be  the 
cells  or  spores.  The  presence  of  an  ade(|uate  supply  of  accessory 
growth  factors  usuallv  favors  the  production  of  heat-resisfant 
cells  or  spores.  This  probably  is  the  reason  why  vegetable  in¬ 
fusions  and  liver  extract  increase  heat  resistance.  According  to 
Curran,^  spores  formed  and  aged  in  soil  or  oats  are  more  resistant 
than  those  in  broth  or  agar.  Carbohydrates,  amino  acids,  and 
organic  acid  radicals  have  an  effect,  but  it  is  difficult  to  predict. 
A  small  amount  of  glucose  in  a  medium  mav  lead  to  increased 
heat  resistance,  but  more  sugar  mav  result  in  the  formation  of 
enough  acid  to  cause  decreased  heat  resistance.  Williams,  how¬ 
ever,  found  that  the  initial  pH  of  a  medium  had  little  influence 
on  the  resistance  of  spores  of  Bacillus  subtilis  formed  in  it.  Some 
salts  seem  to  have  an  effect;  phosphate  and  magnesium  ions,  for 
instance,  are  said  to  increase  the  heat  resistance  of  bacterial 
spores  produced  in  a  medium  containing  them.  Prolonged  ex¬ 
posure  to  metabolic  products  reduces  the  heat  resistance  of  cells 
and  spores. 

h.  Temperature  of  incubation.  The  temperature  of  growth  of  cells 
and  of  production  of  spores  influences  their  heat  resistance.  In 
general,  resistance  increases  as  the  incubation  temperature  is 
raised  toward  the  optimum  for  the  organism,  and  for  manv 
organisms  increases  further  as  the  temperature  approaches  the 
maximum  for  growth.  Escherichia  coli,  for  example,  is  consider¬ 
ably  more  heat-resistant  when  grown  at  38.5° C,  which  is  near 
its  optimum  temperature,  than  at  28°C.  Spores  of  Bacillus  subtilis, 
grown  at  different  temperatures  in  1  percent  peptone  water, 
were  heated  by  Williams,  with  the  results  shown  in  Table  7-3. 

’  IT.  R.  Curran,  /.  Infectious  Diseases,  56:  196-202  ( 1935). 
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c.  Phase  of  growth  or  age.  The  heat  resistance  of  vegetative  cells 
varies  with  the  stage  of  growth  and  of  spores  with  their  age. 
Bacterial  cells  show  their  greatest  resistance  during  the  late  lag 
phase,  hilt  almost  as  great  resistance  during  their  maximum  sta¬ 
tionary  phase,  followed  by  a  decline  in  resistance  (see  Chapter 
6).  The  cells  are  least  resistant  during  their  phase  of  logarithmic 
growth.  Ver\^  young  (immature)  spores  are  less  resistant  than 
mature  ones.  Some  spores  increase  in  resistance  during  the  first 
weeks  of  storage,  but  later  begin  to  decrease  in  resistance. 

(1.  Desiccation.  Dried  spores  of  some  bacteria  are  harder  to  kill  by 
heat  than  those  kept  moist,  but  this  apparently  does  not  hold  for 
all  bacterial  spores. 

4.  Composition  of  the  substrate  in  which  cells  or  spores  are  heated. 
The  material  in  which  the  spores  or  cells  are  heated  is  so  important  that 
it  must  be  stated  if  a  thermal  death  time  is  to  have  meaning. 

Table  7—4.  Effect  of  pH  on  Heat  Resistance  of  Spores  of  Bacillus  suhtilis 

Time  of  survival 
pH  {min) 

4.4  2  ^ 

5.0  7 

0.8  11 

7.0  11 

8.4  9 

a.  Moisture.  Moist  heat  is  a  much  more  effective  killing  agent  than 
dry  heat,  and  as  a  corollary  dry  materials  reijuire  more  heat  for 
sterilization  than  do  moist  ones.  In  the  bacteriological  laboratorv 
about  20  to  30  min  at  120°C  (248°F)  in  the  moist  heat  of  an 
autoclave  will  effect  sterilization  of  ordinary'  materials,  but  3  to 
4  hr  at  160  to  180°C  (320  to  356°F)  is  necessarv  when  the  drv 
heat  of  an  oven  is  employed.  Spores  of  Bacillus  suhtilis  are  killed 
in  less  than  10  min  in  steam  at  120°C,  but  in  anhydrous  glycerol 
170°C  for  30  min  is  required. 

h.  Hydrogen-ion  concentration  (pH).  In  general,  cells  or  spores  are 
most  heat-resistant  in  a  substrate  that  is  at  or  near  neutralitv.  .\n 
increase  in  acidity  or  alkalinitv  hastens  killing  by  heat,  but  a 
change  toward  the  acid  side  is  more  effective  than  a  correspond¬ 
ing  increase  in  alkalinitv.  Williams  heated  spores  of  Bacillus  sub- 
filis  at  100°C  in  1:15  molar  phosphate  solutions,  adjusted  to  vari¬ 
ous  pH  values,  with  results  shovv'u  in  Table  7-4.  Other  examples 
will  be  encountered  in  the  discussion  of  the  heat  processing  of 
canned  foods. 
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Cameron^  has  divided  canned  foods  into  the  acid  foods,  the 
pH  values  of  which  are  below  4.5,  and  the  low-acid  foods,  with 
a  pH  above  4.5.  Acid  foods  include  the  common  fruits  and  certain 
v^esjetable  products,  and  the  low-acid  foods  are  those  like  meat, 
seafood,  milk,  and  most  of  the  common  vegetables.  A  further 

subdivision  has  been  suggested  by  Cameron:^ 

( 1 )  Low-acid  foods,  with  a  pH  above  5.3,  including  such 
foods  as  peas,  corn,  lima  beans,  meats,  fish,  poultry,  and  milk 
(although  Cameron  included  only  vegetables  and  fruits  in  his 
original  grouping ) . 

(2)  Medium-acid  foods,  with  a  pH  between  5.3  and  4.5,  in¬ 
cluding  such  foods  as  spinach,  asparagus,  beets,  and  pumpkin. 

(3)  Acid  foods,  with  a  pH  between  4.5  and  3.7,  including 
such  foods  as  tomatoes,  pears,  and  pineapple. 

( 4 )  High-acid  foods,  v'ith  a  pH  of  3.7  and  below,  including 
such  foods  as  berries  and  sauerkraut. 

The  heat  process  required  in  the  canning  of  foods  will  increase 
with  their  pH,  and,  as  will  be  pointed  out  in  Chapter  26,  the 
most  likelv  type  of  spoilage  of  the  canned  food  will  vary  with  this 
grouping  on  their  pH  values. 

The  effect  of  the  pH  of  the  substrate  is  complicated  by  the 
fact  that  heating  at  high  temperature  causes  a  decrease  in  the 
pH  of  low-  or  medium-acid  foods;  and  the  higher  the  original 
pH,  the  greater  will  be  the  drop  in  pH  caused  by  heating.  Foods 
with  an  original  pH  of  less  than  5.5  to  5.8  change  little  in  acidity 
as  the  result  of  heating.  Foods  artificially  adjusted  to  more  alka¬ 
line  pH  values  give  increasing  protection  to  spores  against  heat 
as  the  pH  increases  toward  9.0. 

c.  Other  constituents  of  the  substrate.  The  only  salt  present  in  ap¬ 
preciable  amounts  in  most  foods  is  sodium  chloride,  which  in 
low  concentrations  has  a  protective  effect  on  some  spores.  Vil- 
joen,"^  heating  spores  of  a  thermophile  in  pea  liquor,  found  that 
NaCl  had  a  marked  protective  effect  in  concentrations  of  0.5  to 
3.0  percent,  but  that  more  salt  added  to  the  destructive  power 
of  the  heat.  Other  workers  have  had  similar  results  with  other 
spores. 

Sugar  seems  to  protect  some  organisms  or  spores,  not  others. 
The  optimum  concentration  for  protection  varies  with  the  organ¬ 
ism;  it  is  high  for  osmophilic  organisms  and  low  for  others,  high 
for  spores  and  low  for  nonosmophilic  cells.  Laboratory  class  e.\- 

'  E.  J.  Cameron,  J.  Assoc.  Offic.  Agr.  Chemists,  19:  433-438  ( 1936). 

•E.  J.  Cameron,  /.  Assoc.  Offic.  Agr.  Chemists,  23:  607-608  ( 1940). 

*  J-  A.  Viljoen,  }.  Infectious  Diseo.ses,  39:  286-290  ( 1926). 
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periments  at  the  University  of  Wisconsin  have  indicated  that  tlie 
best  concentration  of  sugar  for  protection  corresponds  to  tl»e 
sugar  tolerance  of  the  organism  and  that  when  this  optimum  is 
exceeded  sugar  increases  the  killing  effect  of  the  heat. 

Colloidal  materials,  especially  proteins  and  fats,  are  protective 
against  heat.  This  is  well  illustrated  in  Table  7-5  by  the  data  of 
Brown  and  Peiser,^  who  used  thermal  death  points. 

Table  7—5.  Effect  of  Protectiv^e  Substances  on  Heat  Resistance  of  Bacteria 


Substance 

S.  lactis, 
°C 

PJ.  coli, 
°C 

L.  huhjaricus, 
°C 

Cream . 

(39-7 1 

73 

95 

Whole  milk . 

G.3-0.5 

09 

91 

Skim  milk . 

.59-03 

05 

89 

Whev . 

57-01 

03 

83 

Broth . 

5.5-57 

01 

It  will  ho  ol)sorv(‘(l  that  as  the  content  of  protective  .siihstances  (proteins  and 
fat)  decreased  in  the  media,  the  teinperatun'  tieeded  to  kill  the  orf>:anisni  in  10  min 
decreased. 


.Antiseptic  or  germicidal  substances  in  the  substrate  aid  heat  in 
the  destruction  of  organisms.  Thus  hydrogen  peroxide  plus  heat 
is  tised  to  reduce  the  bacterial  content  of  sugar  and  is  the  basis 
of  a  process  for  milk.  The  combination  of  an  antibiotic  or  of 
plant  extract  or  of  irradiation  with  ionizing  rays  with  heat  has 
been  suggested  for  the  treatment  of  canned  foods. 


HEAT  KESISTAXCE  OF  MICHOOHCANISMS  AND  THEIH  SPORES 

The  heat  resistance  of  microorganisms  usually  is  expressed  in  terms 
of  their  thermal  death  time,  which  is  defined  as  the  time  it  takes  at  a 
certain  temperature  to  kill  a  stated  number  of  organisms  (or  spores) 
under  specified  conditions.  This  sometimes  is  referred  to  as  the  absolute 
thermal  death  time  to  distinguish  it  from  the  majority  thermal  death 
time  for  killing  most  of  the  cells  or  spores  present,  and  the  thermal  death 
rate,  expressed  as  the  rate  of  killing.  Thermal  death  j)oint,  now  little* 
used,  is  the  temperature  necessarv  to  kill  all  of  the  organisms  in  10  min. 

The  reports  of  different  workers  on  the  comparative  heat  resistance  of 
various  kinds  of  veasts,  molds,  and  bacteria  and  their  spores  do  not  en¬ 
tirely  agree  because  of  differences  between  the  cultures  used  and  the 


’  C.  W.  Brovni  and  K.  rcis(>r,  Mich.  Af^r.  F.xpt.  Sta.  Tech.  Hull.  30  (1916). 
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conditions  during  heating.  Therefore  only  generalizations  will  be  made, 
with  the  results  of  some  of  the  workers  cited  as  examples. 

Heat  Resistance  of  Yeasts  and  Yeast  Spores 

The  heat  resistance  of  yeasts  and  their  spores  varies  with  the  species 
and  even  with  the  strain.  In  general  the  ascospores  of  yeasts  need  only 
5  to  10°C  more  heat  for  their  destruetion  than  the  vegetative  cells  from 
which  they  are  formed.  Most  ascospores  are  killed  by  60°C  for  10  to  15 
min;  a  few  are  more  resistant,  but  none  can  survive  even  a  brief  heating 
at  100°C.  Vegetative  yeasts  usually  are  killed  by  50  to  58°C  (122  to 
136.4°F)  for  10  to  15  min.  Both  yeasts  and  their  spores  are  killed  by  the 
pasteurization  treatments  given  milk  (61.7°C,  or  143°F,  for  30  min,  or 
71.7°C,  or  161°F,  for  15  sec),  and  yeasts  are  readily  killed  in  the  baking 
of  bread,  where  the  temperature  of  the  interior  reaches  about  97°C 
(206.6°F). 

Heat  Resistance  of  Molds  and  Mold  Sjjores 

Most  molds  and  their  spore's  are  killed  by  moist  heat  at  60°C  ( 140°F ) 
in  5  to  10  min,  but  some  species  are  considerably  more  heat-resistant. 
The  asexual  spores  are  more  resistant  than  ordinary  mycelium  and  re¬ 
quire  a  temperature  5  to  10°  centigrade  higher  for  their  destruction  in 
a  given  time.  Many  species  of  Aspergillus  and  some  of  Penicillitim  and 
Mucor  are  more  resistant  to  heat  than  other  molds;  a  very  heat-resistant 
mold  on  fruits  is  Bi/ssochlamijs  fulva,  with  resistant  ascospores.  The  pas¬ 
teurizing  treatments  given  milk  usually  kill  all  molds  and  their  spores, 
although  spores  of  some  aspergilli,  not  commonly  found  in  milk,  could 
survive  such  a  heat  process. 

Sclerotia  are  especially  difficult  to  kill  by  heat.  Some  can  sur\4ve  a 
heat-treatment  of  90  to  100°C  (194  to  212°F)  for  a  brief  period  and 
have  been  known  to  cause  spoilage  in  canned  fruits.  It  was  found  that 
1,000  min  at  1S0°F  (82.2°C)  or  300  min  at  185°F  (85°C)  was  necessary 
to  destroy  sclerotia  from  a  species  of  Pcnicillium. 

Mold  spores  are  fairly  resistant  to  dry  heat.  Data  from  various  workers 
indicate  that  drv  heat  at  120°C  (248°F)  for  as  long  as  30  min  will  not 
kill  some  of  the  more  resistant  spores. 

Heat  Resistance  of  Bacteria  and  Bacterial  Spores 

The  heat  resistance  of  vegetative  cells  of  bacteria  varies  widely  with 
the  species,  from  some  of  the  delicate  pathogens  that  are  easilv  killed 
to  thermophiles  that  may  require  several  minutes  at  80  to  90°C  ( 176  to 
194°F).  A  few  general  statements  can  be  made  about  the  heat  resistance 
of  vegetative  cells  of  bacteria:  (1)  cocci  usually  are  more  resistant  than 
rods,  although  there  are  many  notable  exceptions;  (2)  the  higher  the 
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optiimim  and  maximum  temperatures  for  growth,  tlie  greater  the  resist¬ 
ance  to  heat  is  likely  to  be;  (3)  bacteria  that  clump  considerably  or  form 
capsules  are  more  difficult  to  kill  than  those  that  do  not;  (4)  cells  high 
in  lipide  content  are  harder  to  kill  than  other  cells. 

A  few  examples  of  thermal  death  times  of  bacterial  cells  are  showm  in 
Table  7-6. 

It  should  be  kept  in  mind  that  these  thermal  death  times  ( and  those 
to  be  given  later  for  spores )  are  for  various  concentrations  of  cells  ( or 
spores),  heated  in  different  substrates,  and  might  be  higher  or  low'er 
under  other  conditions. 

Table  7—6.  Thermal  Death  Times  of  Bacterial  Cells 


liacteriuin 

Time 

(min) 

Temperat  ure 

rc’) 

Gonococcus . 

2-H 

50 

Salmonella  ttiphosa . 

4.3 

(iO 

.1/.  piiogenes  var.  aureus . 

18.8 

(iO 

Escherichia  coli . 

20-30 

57 . 3 

Streptococcus  thermophilus . 

15 

70-75 

Lactobacillus  hulgaricus . 

30 

71 

Tal)le  7-7.  Thermal  Death  Times  of  Bacterial  Spores 

Time  la  kill  at  1()()°C 


Spores  of  (min) 

H  aril  I  us  anthraris .  1  7 

Bacillus  suhlilis .  15  20 

Clostridium  holulinum .  l()()-a;^() 

Clostridium  adidotolerans .  520 

Flat  sour  hac'teria .  over  I  .OHO 


The  heat  resistance  of  bacterial  spores  varies  greatly  w  ith  the  species 
of  bacterium  and  the  conditions  during  sporulation.  Resistance  at  KKCC 
(212°F)  mav  vary  from  less  than  a  minute  to  over  20  hr.  In  general, 
spores  from  bacteria  with  high  optimum  and  maximum  temperatures  for 
growth  are  more  heat-resistant  than  those  from  bacteria  growing  best  at 
lowTr  temperatures.  Examples  of  thermal  death  times  of  bacterial  spores 
are  given  in  Table  7-7. 


DETERMINATION  OE  HEAT  RESISTANCE 
(THERMAL  DEATH  TIME) 

The  simple  glass  tube  method  of  Kst\’  and  W  illiams  for  the  determina¬ 
tion  of  thermal  death  time  will  b('  outiined,  and  only  brief  mention  will 
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be  made  of  the  more  involved  methods  used  by  the  canning  laboratories. 
In  the  tube  method  a  quantity  of  standardized  spore  (or  cell)  suspension 
in  a  buffer  solution  or  a  food  liquor  is  sealed  in  small  glass  tubes,  which 
are  heated  in  a  bath  thermostatically  controlled  at  a  selected  temper¬ 
ature.  Tubes  are  removed  periodically,  cooled  immediately,  and  either 
incubated  directly  or  subcultured  into  an  appropriate  medium  for  in¬ 
cubation  to  test  for  the  growth  of  survivors.  A  brief  outline  of  the  method 
follows. 

Preparation  of  the  Spore  ( or  Cell )  Suspension 

The  organisms  to  be  tested  are  grown  in  a  culture  medium,  at  a 
temperature  and  for  a  period  of  time  that  will  produce  resistant  spores 
( or  cells ) .  They  are  washed  off  from  solid  media  or  centrifuged  from 
liquid  media,  usually  are  washed,  and  are  made  into  a  suspension.  Care 
must  be  taken  to  break  up  or  remove  clumps,  otherwise  results  will  be 
iiTegular.  This  is  accomplished  by  shaking  with  glass  beads  or  sand,  or 
by  filtration  through  cotton,  gauze,  filter  paper,  ete.  Sometimes  spore 
suspensions  are  reincubated  for  24  hr  to  complete  sporulation.  Spore 
suspensions  then  are  pasteurized  to  kill  the  vegetative  cells  which  might 
have  a  protective  effect.  Next  the  number  of  spores  (or  cells)  per  unit 
volume  of  suspension  is  determined  by  a  cultural  or  direct  counting 
method.  This  stock  suspension  is  diluted  in  the  heating  medium  to  the 
desired  concentration  of  spores  or  cells  for  the  test,  and  distributed  in 
1-ml  portions  in  glass  vials,  which  are  sealed  and  refrigerated.  The 
medium  in  which  the  cells  or  spores  are  to  be  heated  may  be  a  buffered 
phosphate  solution  or  food  or  food  liquor.  The  volume  of  suspension  of 
organisms  added  should  be  small  ( 1  to  2  percent)  to  avoid  changing  the 
composition  of  the  heating  substrate. 

Heating  to  Determine  the  Thermal  Death  Time 

The  heating  of  the  vials  is  done  in  an  agitated  and  thermostatically 
controlled  bath  of  oil  for  higher  temperatures  or  water  for  temperatures 
below  100°C  (212°F).  Tubes  are  heated  at  one  temperature  for  varying 
intervals  of  time.  The  following  precautions  are  taken:  (1)  The  vials  are 
brought  to  a  definite  temperature  before  introduction  into  the  bath, 
usually  at  0°C  (32°F),  obtained  in  a  bath  of  ice  water.  An  arbitrary 
preheating  time  (e.g.,  30  sec)  is  allowed  before  timing  begins.  Vials  of 
resistant  spores  sometimes  are  preheated  to  lOQoC  (212°F)  in  boiling 
water  before  being  introduced  into  the  bath.  (2)  When  an  oil  bath  is 
used,  vials  are  wiped  dry  before  their  introduction  and  are  carefully 
sealed,  foi  water  will  cause  foaming  of  the  oil.  (3)  If  many  iced  vials 
are  introduced  at  the  same  time,  an  allowance  is  made  for  the  cooling 
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effect  on  the  batli.  (4)  The  multiple  tube  method  should  he  used  if  ac¬ 
curacy  is  desired.  At  least  five  replicate  vials  should  be  used  iu  explora¬ 
tory  rims,  and  twenty-five  to  thirty  when  tubes  are  being  removed  at 
short  intervals.  The  fewer  the  number  of  replicates,  the  more  likely  will 
be  the  occurrence  of  “skips,”  that  is,  killing  after  a  certain  period,  fol¬ 
lowed  by  survival  after  a  longer  heating  period.  (5)  Cooling  should  be 
prompt  and  rapid;  this  usually  is  done  in  ice  water. 

Test  for  Viabilitv  (Survival) 

If  the  substrate  in  which  the  heating  is  done  is  a  good  culture  medium 
for  the  organism  and  if  it  can  grow  anacrobicallv,  the  vials  can  be  incu¬ 
bated  to  test  for  the  growth  of  survivors.  Otherwise  the  contents  of  the 
vial  are  subcultured  into  a  good  cidture  medium,  which  is  incubated 
under  optimum  conditions  for  the  organism.  If  the  number  of  survivors 
is  desired,  a  quantitative  count  is  made  bv  the  agar  plate  or  another 
cultural  method.  The  composition  of  the  medium  used  to  test  for  sur\  ival 
is  very  important,  for  it  has  been  shown  bv  Curran  and  Evans  that  spores 
or  cells  that  have  been  exposed  to  drastic  heat-treatments  are  much  more 
exacting  in  their  nutritive  recjuirements  than  the  spores  or  cells  before 
heating. 

Instead  of  vials,  the  American  Can  Company  laboratories  use  special 
flat  cans  that  can  be  evacuated,  sealed,  and  then  heated  and  cooled  in 
small  steam  sterilizers.  \\'^orkers  in  the  laboratories  of  the  National  Can- 
ners  Association  used  a  unit  with  valves  which  allowed  the  withdrawal 
of  samples  periodicallv  under  aseptic  conditions.  This  techniijue  is  useful 
in  the  determination  of  thermal  death  rates. 


TIIERMAL-DEATH-TIME  CURVES 


Thermal  death  times  are  plotted  as  logarithms  on  semilogarithmic 
paper  and  temperatures  as  arithmetic  values  to  gi\  e  a  thermal-death-time 
curve  like  that  in  Figure  7-2  for  flat  sour  spores  from  the  data  of  Bigelow 
and  Estv  in  Table  7-1.  The  straight  line  indicates  that  the  order  of  death 


bv  heat  is  logarithmic,  or,  in  other  words,  that  the  death  rate  is  constant. 
P'rom  the  straight  line  obtained  or  by  an  extension  of  it,  thermal  death 
times  for  temperatures  and  times  not  listed  can  be  estimated.  The  slope 
of  the  line,  after  certain  corrections,  is  termed  the  2  value,  and  is  the 
interval  in  temperature,  in  degrees  Fahrenheit,  re(|uired  for  the  line  to 
pass  through  one  logarithmic  cvcle  on  the  semilogarithmic  paper.  In 
other  words,  represents  the  degrees  Fahrenheit  reijuired  to  reduce  the 
thermal  (h'ath  time  teaifold.  F  is  the  time  in  minutes  laajuired  to  destroy 
the  organism  in  a  specified  medium  at  250  F  ( 121. 1'  C.').  The  uncorrected 


Preservation  by  Use  of  High  Temperatures 


99 


TEMPERATURE -DEGREES  FAHRENHEIT 
Fig.  7-2.  Thermal-deatli-time  curve  for  spores  of  flat  sour  bacteria  (after  data  of 
Bigelow  and  Esty);  115,000  spores  per  milliliter  in  corn  at  pH  6.1  (z  =  19). 

z  value  from  Figure  7-2  is- 19  and  the  F  value^  is  16.4  min.  These  values 
will  vary  with  the  heat  resistance  and  concentration  of  the  test  organism 
and  with  the  medium  in  wliich  it  is  heated.  From  the  and  F  values, 
process  times  can  be  calculated. 

HEAT  PENETRATION 

The  rate  of  penetration  of  heat  into  a  food  must  be  known  in  order  to 
^^alculate  the  thermal  process  necessary  for  its  preservation.  Since  every 

’  The  symbol  Fo  is  used  to  express  the  F  value  when  z  erpials  18;  the  z  values  for 
many  ot  the  more  resistant  .spore-forming  bacteria,  and  bence  tho.se  important  in 
canning,  often  approximate  18,  and  therefore  this  value  often  is  used  when  food- 
processing  times  are  to  be  calculated. 
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part  of  the  food  in  a  can  or  other  container  must  receive  an  adecjuate 
heat-treatment  to  prevent  spoilage,  that  part  that  heats  the  most  slowly 
is  the  critical  one,  and  rates  of  change  in  the  temperature  of  that  part, 
usually  the  center  of  the  container,  are  measured. 

Heat  penetration  from  an  external  source  to  the  center  of  the  can  may 
take  place  by  conduction,  where  heat  passes  from  molecule  to  molecule, 
by  convection,  where  heat  is  transferred  by  movement  of  li(|uids  or  gases, 
or,  as  is  usually  the  case,  by  a  combination  of  conduction  and  convection. 
Conduction  is  slow  in  foods  and  rapid  in  metals.  The  rate  of  heat  trans¬ 
fer  by  convection  depends  upon  the  opportunity  for  currents  in  the  licjuid 
and  the  rate  of  flow  of  these  currents. 

When  both  conduction  and  convection  are  involved  in  the  heating  of 
foods,  they  may  function  simultaneouslv  or  successivelv.  When  solid 
particles  of  food  are  suspended  in  a  liejuid,  the  particles  heat  by  conduc¬ 
tion  and  the  licjuid  heats  by  convection.  Some  foods  change  in  consist¬ 
ency  during  heating,  and  a  “broken”  heating  curve  results.  This  is  true 
of  sugar  sirups,  brine-packed  whole-grain  corn,  and  certain  thick  soups 
and  tomato  juices. 

The  factors  that  determine  the  time  required  to  bring  the  center  of  the 
container  of  food  up  to  the  sterilizing  temperature  are  as  follows: 

1.  The  material  of  which  the  container  is  made.  Glass  has  a  slower 
rate  of  heat  penetration  than  the  tinned  iron  of  a  can. 

2.  The  size  and  shape  of  the  container.  The  larger  a  can  is,  the  longer 
it  will  take  to  reach  a  given  temperature  at  the  center,  because  the  dis¬ 
tance  to  the  center  of  the  larger  can  is  greater  and  it  has  less  surface  per 
volume  or  weight.  Hence  larger  cans  are  heated  longer  proportionally, 
but  not  to  as  high  a  temperature  at  the  center.  Of  course  the  shape  of 
the  can  determines  the  radius:  a  long,  slim  can  will  heat  faster  than  the 
same  volume  in  a  compact,  cylindrical  form. 

3.  Initial  temperature  of  the  food.  Actually  the  temperature  of  the 
food  in  a  can  when  it  goes  into  the  retort  (steam  sterilizer)  makes  practi¬ 
cally  no  difference  in  the  time  rerjuired  for  the  center  of  the  can  to  reach 
the  retort  temperature,  for  a  food  at  a  low  initial  temperature  heats 
faster  than  the  same  food  at  a  higher  initial  temperature.  However,  the 
food  with  the  higher  starting  temperature  is  in  the  lethal  range  for  the 
microorganisms  for  a  longer  time,  and  the  average  temperature  during 
heating  is  higher,  than  in  the  can  with  a  lower  initial  temperature.  A  high 
initial  temperature  is  important  in  the  processing  of  canned  foods  that 
heat  slowly,  like  cream-style  corn,  pumpkin,  and  meat. 

4.  Retort  temperature.  Replicate  cans  of  food,  placed  in  retorts  of  dif¬ 
ferent  temperatures,  reach  the  respective  temperatures  at  practically  the 
same  time;  however,  fastest  heating  would  take  place  in  the  hottest  re¬ 
tort,  and  the  food  would  reach  lethal  temperatures  most  rapidly. 


101 


Preservation  by  Use  of  High  Temperatures 

5.  Consistency  of  can  contents  and  size  and  shape  of  pieces.  All  of 
these  are  important  in  their  effect  on  heat  penetration.  The  size  and  kind 
of  pieces  of  food  and  what  happens  to  them  during  cooking  warrant  their 

division  into  three  classes: 

a.  Pieces  that  retain  their  identity,  that  is,  do  not  cook  apart.  Ex¬ 
amples  are  peas,  plums,  beets,  asparagus,  and  whole-giain  coin. 
If  the  pieces  are  small  and  in  brine,  as  with  peas,  heating  is  al¬ 
most  as  in  water.  If  the  pieces  are  large,  heating  is  delayed, 
because  the  heat  must  penetrate  to  the  center  of  the  pieces  be¬ 
fore  the  liquor  can  reach  the  retort  temperature.  Large  beets  or 
large  stalks  of  asparagus  would  heat  more  slowly  than  small  ones. 
h.  Pieces  that  cook  apart  and  become  mushy  or  viscous.  These  heat 
slowly,  because  heat  penetration  becomes  mostly  by  conduction 
rather  than  convection.  This  takes  place  in  cream-style  corn, 
scjuash,  pumpkin,  and  sweet  potatoes. 
c.  Pieces  that  layer.  Asparagus  layers  vertically;  hence  convection 
currents  travel  mostly  up  and  down.  Spinach  layers  horizontally, 
producing  what  is  called  the  “baffleboard  effect,”  that  interferes 
with  convection  currents.  Layering  is  greatly  affected  by  the  de¬ 
gree  of  fill  of  the  can. 

Consistency  of  the  can  contents  is  affected  by  some  of  the  sauces 
added.  Tomato  sauce  on  baked  beans  slows  down  heat  penetration  more 
than  plain  sauce.  Starch  interferes  increasingly  as  the  concentration  is 
raised  toward  6  percent,  but  further  increases  in  starch  have  little  addi¬ 
tional  effect.  Sodium  cliloride  never  is  added  in  high  enough  concentra¬ 
tions  to  have  an  appreciable  effect  on  rates  of  heating.  The  rate  of  heat 
penetration  decreases  with  increasing  concentrations  of  sugar,  but  this 
effect  is  counteracted  somewhat  by  the  marked  decrease  in  the  viscosity 
of  sugar  solutions,  even  heavy  ones,  with  increase  in  temperature. 

6.  Rotation  and  agitation.  Rotation  or  agitation  of  the  container  of 
food  during  heat  processing  will  hasten  heat  penetration  if  the  food  is  at 
all  fluid,  but  it  also  may  cause  undesirable  physical  changes  in  some 
foods.  It  makes  comparatively  little  difference  in  the  process  time  of 
foods  that  allow  free  convection  currents  and  have  very  small  particles, 
like  peas.  On  the  other  hand  agitation  is  very  helpful  with  foods  that 
layer,  like  spinach,  tomatoes,  and  peach  halves.  With  older  e(juipmcnt 
it  is  practicable  to  roll  cans  no  faster  than  10  to  12  rpm,  but  newer 
methods  of  end-over-end  rotation  permit  higher  speeds.  Rotation  is  used 
successfully  with  canned  evaporated  milk,  and  shaking  is  used  with 
foods  in  the  form  of  pastes  or  purees.  A  recent  process  for  brined,  whole- 
kernel  corn  employs  heating  in  a  continuous  cooker  of  high  boiling  liquid 
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with  the  can  contents  mixed  by  being  on  the  periphery  of  a  rotating  reel 

or  bv  rotation  on  rollers. 

✓ 

The  cooling  operation  inxolves  the  same  principles  of  heat  transfer  as 
the  heating  process.  Rapid,  artificial  cooling  is  recommended  because  it 
can  be  well  controlled.  Too  slow  cooling  mav  cause  overcooking  of  the 
food  and  may  permit  the  growth  of  thermophiles. 


DETKHMINATION  THERMAL  PROCESSES 

The  following  data  are  needed  for  the  calculation  of  thermal  processes 
for  a  canned  food:  (1)  The  thermal-death-time  curve  for  the  most  heat- 
resistant  organism  likelv  to  be  present  in  the  food.  In  low-acid  foods 
this  iisuallv  would  be  for  the  spores  of  a  thermophile,  e.g.,  the  flat  sour 
organism.  (2)  The  heat  penetration  and  cooling  curves  for  the  food  in 

Table  7-8.  Ecjuivalent  Processes  for  Com  iti  No.  2  Cans 
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the  size  and  t\’pe  of  container  to  be  used.  One  of  three  methods  is  used 
to  determine  the  heat  process:  (1)  the  graphical  method,  (2)  the  for¬ 
mula  method,  or  (3)  the  nomogram  method. 

Bv  each  of  these  methods  e(|uivalent  jn-ocesscs  can  be  calculated,  that 
is,  heat  processes  that  effect  the  same  killing  of  microorganisms  in  the 
food.  In  Table  7-8  are  ecjuivalent  processes  for  corn  in  No.  2  cans,  inocu¬ 
lated  with  spores  of  a  thermophile  (Natl.  Gauuers  Assoc.  Ball.  Ifi-L, 
1920). 

The  principle  is  similar  for  all  three  of  the  methods  for  the  calculation 
of  thermal  processes,  but  since  the  graphical  method  is  the  simplest  to 
explain,  it  will  be  outlined  and  the  others  only  briefly  mentioned. 


The  Grajihical  Method 

Briefly,  the  graphical  method,  as  described  by  Bigelow  and  coworkers, 
is  as  follows: 

1.  The  thermal-death-time  curve  for  the  most  resistant  spoilage  organ¬ 
ism  likely  to  be  encountered  is  determined  in  the  food  being  canned. 
Thermardeath  times  from  this  curve  are  converted  to  lethal  rates  for  the 
various  heating  temperatures.  The  lethal  rate  for  a  temperature  is  the 
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reciprocal  of  tlie  thermal  death  time:  thus,  if  it  took  400  min  at  21()°F 
to  kill  all  the  spores  in  a  food,  the  lethal  rate  would  be  ^oo  —  0.0025. 

2.  The  heat-penetration  (and  cooling)  curve  for  the  food  and  can  size 
in\'olved  is  determined. 

3.  Lethal  rates  for  the  different  temperatures  at  the  center  of  the  can 
during  the  length  of  the  heating  and  cooling  process  are  plotted  on  the 
heat-penetration  (and  cooling)  curve,  as  is  illustrated  in  Figure  7-3.  In 
this  figure  lethal  rates  are  0.01  unit  per  side  of  a  scjuare,  and  the  temper¬ 
atures  are  10° F  per  side  of  a  s(|uare.  An  area  e(|ual  to  ten  scpiares  under 
the  lethality  curve  is  unity,  which  means  that  destruction  of  all  of  the 
spores  (or  cells)  has  been  accomplished.  If  this  area  is  less  than  ten 
squares  the  process  is  inade(|uate,  and  if  more  than  ten  scjuares  it  is 
greater  than  needed.  The  area  beneath  the  curve  is  measured  by  means 


TIME  IN  MINUTES 

Fig.  7—3.  Equivalent  lethality  curv^es  with  retort  at  260  and  25()°F.  Corn  in  No.  2 
cans;  50,000  spores  of  a  therinophile  per  milliliter.  (After  Bigelow.) 

of  a  planimeter.  In  Figure  7-3  the  heat-treatment  for  56  min  at  260°F 
was  found  to  be  adequate,  and  for  78  min  at  250°F. 

The  Formula  Method 

The  formula  method  applies  data  from  the  thermal-death-time  and 
heat-penetration  cuiwes  to  an  equation,  by  means  of  which  the  thermal 
process  is  calculated  mathematically.  For  details  of  this  method  the  vv^ork 
of  Ball  should  be  consulted  (see  references  at  end  of  chapter). 

The  Nomogram  Method 

The  nomogram  method  is  the  most  rapid  one  for  the  estimation  of 
thermal  process  times.  It  involves  the  application  of  the  data  on  thermal 
death  times  and  heat  penetration  to  a  graphic  representation  of  these 
numerical  relations  and  has  the  advantage  over  the  previously  described 
methods  in  that  the  “coming-up  time”  of  the  steam  pressure  sterilizers 
IS  considered.  The  original  article  by  Olson  and  Stevens  should  be  con¬ 
sulted  for  a  description  of  this  method. 
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llegarclless  of  the  method  used  for  the  calculation  of  thermal  process 
times,  they  are  verified  bv  actual  tests  on  canned  food.  An  experimental 
pack  is  inoculated  with  a  knowm  concentration  of  spores  of  the  resistant 
spoilage  organism.  These  cans  and  uninoculated  controls  are  processed 
for  several  time  intervals  near  that  calculated  for  the  temperature  chosen, 
are  incubated  to  test  for  spoilage,  and  are  subcultured  to  test  for  sterility. 
Usually  a  margin  of  safetv  is  allowed  beyond  the  minimum  treatment  for 
killing  the  spores  being  tested,  when  recommendations  are  made  con¬ 
cerning  a  thermal  process  time.  It  should  be  kept  in  mind  that  the 
processes  recommended  will  be  successful  only  for  the  concentration  of 
spores  used  and  might  not  take  care  of  gross  contamination  beyond  that 
level. 


HEAT-TREATMENTS  EMPLOYED  IN  PROCESSING  EOODS 

The  temperature  and  time  used  in  heat-processing  a  food  will  depend 
upon  what  effect  heat  has  on  the  food  and  what  other  preservative  meth¬ 
ods  are  to  be  emploved.  Some  foods,  like  milk  or  peas,  can  be  heated  to 
only  a  limited  extent  without  undesirable  changes  in  appearance  or  loss 
in  palatabilitv,  while  others,  like  corn  or  pumpkin,  can  undergo  a  more 
rigorous  heat-treatment  without  marked  change.  The  greater  the  heat- 
treatment,  the  more  organisms  will  be  killed,  up  to  the  heating  that  will 
produce  sterilitv  of  the  product.  If  not  all  the  organisms  are  killed,  either 
the  heating  must  destroy  all  potential  spoilage  organisms  or  the  food 
must  be  handled  thereafter  so  as  to  delay  or  prevent  the  growth  of  sur¬ 
viving  spoilage  organisms.  In  canning,  an  attempt  is  made  to  kill  all 
organisms  that  could  spoil  the  food  during  later  handling;  in  pasteuiiza- 
tion  most  of  the  spoilage  organisms  are  killed,  but  others  survive  and 
must  be  inhibited  by  low  temperatures  or  some  other  preser\’ativ'e 
method,  if  spoilage  is  to  be  prevented.  The  various  degrees  of  heating 
used  on  foods  might  be  classified  as  ( 1 )  pasteurization,  ( 2 )  heating  at 
about  lOO^^C  (212°F),  and  (3)  heating  above  1(M)°C. 


Pasteurization 

Pasteurization  is  a  heat-treatment  that  kills  part  but  not  all  the  micro¬ 
organisms  present  and  usuallv  involves  the  application  of  temperatures 
below  1()(UC  (212°F).  The  heating  may  be  by  means  of  steam,  hot 
water,  dry  heat,  or  electric  currents.  Pasteurization  is  used  ( 1 )  when 
more  rigorous  heat-treatments  would  harm  the  quality  of  the  product, 
as  witl/ market  milk;  (2)  when  one  aim  is  to  kill  pathogens,  as  with 
market  milk;  (3)  when  the  main  spoilage  organisms  are  not  very  heat- 
resistant,  like  the  veasts  in  fruit  juices;  (4)  when  any  surviving  spoilage 
organisms  will  be  taken  care  of  by  additional  preservative  methods  to 
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be  employed,  as  is  done  in  the  chilling  of  market  milk;  and  (5)  when 
competing  organisms  are  to  be  killed,  allowing  a  desired  fermentation, 
usually  by  added  starter  organisms,  as  in  cheese  making. 

Preseiwative  methods  used  to  supplement  pasteurization  include  (1) 
refrigeration,  e.g.,  of  milk;  (2)  keeping  out  microorganisms,  usually  by 
packaging  the  product  in  a  sealed  container;  (3)  maintenance  of  anaero¬ 
bic  conditions,  as  in  evacuated,  sealed  containers;  (4)  addition  of  high 
concentrations  of  sugar,  as  in  sweetened  condensed  milk;  and  (5)  pres¬ 
ence  or  addition  of  chemical  preservatives,  as  the  organic  acids  on 
pickles. 

Times  and  temperatures  used  in  the  pasteurizing  process  depend  upon 
the  method  employed  and  the  product  treated.  The  high-temperature- 
short-time  method  employs  a  comparatively  high  temperature  for  a  short 
time.  The  low-temperature-long-time,  or  holding,  method  uses  a  lower 
temperature  for  a  longer  time.  Some  examples  of  pasteurizing  treatments 
given  various  types  of  foods  follow.  The  minimum  heat-treatment  of 
market  milk  is  at  61.7°C  (143°F)  for  30  min  in  the  holding  method  and 
at  71.7°C  (161°F)  for  at  least  15  sec  in  the  high-teinperatnre— short-time 
method.  This  heat-treatment  often  is  exceeded  when  milk  is  to  be  used 
for  other  purposes  and  sometimes  is  slighted  by  cheese  makers,  in  which 
event  the  cheese  should  be  held  like  raw-milk  cheese.  Ice-cream  mix  is 
heated  at  71.1°C  (160°F)  for  30  min  or  at  82.2°C  (180°F)  for  16  to 
20  sec.  Wines  and  beer  may  be  heated  at  82.2  to  87.8°C  (180  to  190°F) 
for  1  or  2  min.  Dried  fruits  usually  are  pasteurized  in  the  package  at  65.6 
to  85°C  (150  to  185°F)  for  30  to  90  min,  the  treatment  varying  with  the 
kind  of  fruit  and  the  size  of  the  package.  The  pasteurizing  process  given 
fruit  juices  depends  upon  their  acidity  and  whether  they  are  in  bulk  or 
in  the  bottle  or  can.  Recommended  for  bottled  grape  juice  is  76.7°C 
(170°F)  for  30  min  and  for  apple  juice  60°C  (140°F)  if  bottled,  and 
87.8°C  (190°F)  for  30  to  60  sec  if  in  bulk.  An  average  treatment  for 
carbonated  juices  would  be  65.6°C  (150°F)  for  30  min.  When  vinegar 
is  pasteurized^  in  the  bottle  in  a  water  bath,  all  of  the  vinegar  is  brought 
to  at  least  65.6°C  (150°F).  If  flash-pasteurized,  the  vinegar  is  heated  so 
as  to  be  at  65.6  to  71.1°C  (150  to  160°F)  when  the  bottle  is  closed.  When 
pasteurized  in  bulk,  the  vinegar  is  held  at  60  to  65.6°C  (140  to  150°F) 
for  30  min. 


Heating  at  about  100°C  (212°F) 


Formeily,  home  canners  processed  all  foods  for  varving  lengths  of  time 
at  100°C  or  less.  This  treatment  was  sufficient  to  kill  everything  but 
bacterial  spores  in  the  food  and  often  was  sufficient  to  preserve  even  low^- 


'  R.  H.  Vaughn,  in  L.  A.  UnderkoHer  and  R.  ].  Hickey 
tations,  vol.  I,  chap.  17,  Chemical  Pnhlisliing  Company, 


(eds. ),  “Industrial 
New  York,  1954. 
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and  medium-acid  foods.  Now,  however,  most  liome  canners  use  pressure 
cookers  for  the  less  acid  foods.  Manv  acid  foods  can  be  processed  success¬ 
fully  at  100°C  or  less,  for  example,  sauerkraut  or  highly  acid  fruits.  A 
temperature  of  approximately  100°C  is  obtained  by  boiling  a  licjuid 
food,  by  immersion  of  the  container  of  food  in  boiling  water,  or  by  ex¬ 
posure  to  flowing  steam.  Some  very  acid  foods,  e.g.,  sauerkraut,  may  be 
preheated  to  a  temperature  somewhat  below  1{)0°C,  packaged  hot,  and 
not  further  heat-processed.  Blanching  of  fresh  vegetables  before  freezing 
or  drving  involves  heating  briefly  at  about  1()()°C. 

During  baking,  the  internal  temperature  of  bread,  cake,  or  other 
bakery  products  approaches  but  never  reaches  100°C  as  long  as  moisture 
is  present,  although  th.e  ov^en  is  much  hotter.  The  temperature  of  unsealed 
canned  goods  heated  in  the  oven  cannot  exceed  the  boiling  temperature 
of  the  lifjuid  present.  As  will  be  indicated  later,  bacterial  spores  that  sur¬ 
vive  the  baking  of  bread  ( maximum  temperature  about  97°C )  may 
cause  ropiness.  Simmering  is  incipient  or  gentle  boiling,  with  the  tem¬ 
perature  about  10()°C. 

In  the  roasting  of  meat  the  internal  temperature  reaches  onh’  about 
60'C  (14()°F)  in  rare  beef,  up  to  S0°C  (176°F)  in  w^cll-done  beef,  and 
85°C  (185°F)  in  a  pork  roast.  Frying  gets  the  outside  of  the  food  very 
hot,  but  the  center  ordinarily  does  not  reach  1()()°C.  Cooking  is  an  in¬ 
definite  term  with  little  meaning.  Warming  uji  a  food  may  mean  anything 
from  a  small  increase  in  temperature  up  to  heating  to  1()()°C. 

Heating  above  100°C  (212°F) 

Temperatures  abov'e  1()0°C  (212°F)  usually  are  obtained  by  means 
of  steam  under  pressure  in  steam-prt'ssure  sterilizers  or  retorts.  The  tem¬ 
perature  in  the  retorts  inereases  w'ith  rising  steam  pressures.  Tlius  witli 
no  pressure  the  temperature  at  sea  lev'el  is  1()0°C  (212°F);  with  o  lb  of 
pressure,  109°C  (228'^F);  with  10  lb,  llo.o°C  (240  F);  and  with  15  lb, 
121.5°C  (251°F).  When  liquid  foods  are  to  be  sterilized  prior  to  their 
introduction  into  sterile  cans,  high  steam  pressures  are  used  to  apply  a 
In'gh  temperature  for  a  few  seconds. 

Heat-treatments  used  in  the  processing  of  canned  foods  wall  be  dis¬ 
cussed  further  in  the  following  section. 


CAWING 

Canning  is  defined  as  the  preservation  of  foods  in  sealed  containers 
and  usualK’  implies  heat-treatment  as  the  principal  factor  in  the  preven¬ 
tion  of  spoilage.  Most  canning  is  in  “tin  cans,  which  are  made  of  tin- 
coated  steel,  or  in  glass  containers. 

Spallanzani  in  1765  preserved  food  by  heating  it  in  a  sealed  containei. 
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Other  workers,  as  well,  had  employed  heat  proeesses  in  attempts  to  pre¬ 
vent  tlie  spoilage  of  food,  but  it  remained  for  a  Frenchman,  Nicolas 
Appert,  who  has  been  called  the  “Father  of  Canning,”  to  experiment  on 
the  heating  of  foods  in  sealed  containers  and  to  publish  directions  for 
preservation  by  canning.  His  work,  mostly  in  the  years  1795  to  1810,  was 
prompted  by  the  offer  of  a  prize  by  the  French  government  for  a  pub¬ 
lished  method  for  preserving  foods  for  the  armed  forces.  Appert  won  the 
12,000  francs  in  1809  for  a  treatise  that  was  published  a  year  later  under 
the  name  “The  Book  for  All  Households;  or  the  Art  of  Preserving  Animal 
and  Vegetable  Substances  for  Many  Years.”  Appert  gave  exact  directions 
for  the  preservation  of  a  wide  varietv  of  foods  in  cork-stoppered,  wide¬ 
mouthed  glass  bottles,  which  he  heated  for  hours  in  boiling  water. 
Nothing  was  known  at  the  time  about  the  relationship  of  microorganisms 
to  the  spoilage  of  foods;  yet  Appert  worked  out  methods  that  were  good 
enough  to  be  followed  for  years  thereafter  by  home  and  commercial 
canners. 

Succeeding  improvements  in  the  canning  process  have  been  chieflv  in 
methods  of  heat  processing,  in  the  construction  of  the  container,  and  in 
the  calculation  of  heat  processes  required.  From  the  time  of  Appert  until 
1850,  canners  heat-processed  food  much  as  he  did,  although  there  was 
much  secrecy  about  actual  times  used.  About  1850  European  workers 
began  using  baths  of  oil,  salt  brine,  or  calcium  chloride  solution  to  ob¬ 
tain  temperatures  above  100°C  (212°F),  and  in  1860  Solomon  intro¬ 
duced  the  use  of  the  calcium  chloride  bath  in  this  country,  reducing 
process  times  from  5  or  6  hr  to  hr  and  aiding  in  the  canning  of  food 
during  the  American  Civil  War.  Experijnents  on  the  use  of  steam  under 
pressure  for  heat  processing  were  conducted  by  Appert  and  his  descend¬ 
ants,  but  the  method  was  dangerous  because  of  the  lack  of  safety  devices. 
Schriver,  a  Philadelphia  canner,  is  credited  with  the  development  of  the 
closed  and  controlled  retort  in  this  countrv  and  received  a  patent  for  it 
in  1874.  Equipment  for  the  rotation  or  agitation  of  containers  during 
processing  has  been  developed  within  the  past  quarter  century  and  ap¬ 
plied  to  various  foods.  Recently,  high-temperature-short-time  methods 
of  heating,  such  as  the  Martin  process,  have  been  receiving  increased 
attention. 

The  original  container  used  by  Appert  was  the  cork-stoppered,  wide¬ 
mouthed  glass  jar,  and  it  was  used  in  much  of  the  early  canning.  The  tin 
canister,  abbreviated  by  Americans  to  “tin  can,”  was  patented  by  Peter 
Duiand  in  England  in  1810  and  has  been  used  increasingly  since  that 
time  The  first  cans  were  crudely  made  by  hand  with  soldered  seams  and 
small  openings  in  the  tops.  It  took  an  expert  to  make  60  to  70  cans  ]:>er 
day;  modern  machines  can  turn  out  300  to  400  per  minute.  The  modern 
sanitary,  or  open-top,  can,  with  its  double-crimped  top  and  crimped  side 
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seam  was  developed  during  the  last  few  years  of  the  nineteenth  century; 
since  tlien  there  have  been  improvements  in  gaskets  and  sealing  com¬ 
pounds. 

Most  modern  cans  are  made  of  steel  plate  coated  with  tin,  either  hot- 
dipped  or  electrolytically  plated.  The  latter  method  gives  a  thinner  and 
more  even  coating  of  tin  than  the  dipping  of  hot  steel  plate  into  molten 
tin.  W^artime  usually  leads  to  a  shortage  of  tin  and  the  use  of  more  elec¬ 
trolytic  plate  or  of  cans  that  are  not  tinned.  Thus  deoxidized,  or  “black,” 
plate  may  be  used  bare  or,  more  often,  enameled.  “Bonderized,”  or  “K,” 
plate  is  cold-rolled  steel  eoated  with  iron  phosphate  and  some  zine  phos¬ 
phate  and  must  be  enameled.  It  ean  be  used  if  the  food  is  not  acid. 
Enamels  are  coated  onto  flat  sheets  of  plate  before  the  manufacture  of 
eans  and  are  used  to  prevent  or  slow  dovvm  diseoloration  or  eorrosion. 
Sanitary,  or  standard,  enamel  is  used  for  highly  colored  fruits  and  berries 
or  for  beets  to  prevent  the  fading  of  color  caused  by  tin  plate.  C  enamel 
contains  zinc  oxide,  so  that  the  white  ZnS  is  formed  instead  of  the  dark 
FeS,  when  nonacid,  sulfur-bearing  foods  like  corn  are  canned.  Thus 
darkening  of  the  interior  of  the  can  is  avoided.  This  enamel  is  not  usable 
for  meat,  for  the  fat  woidd  flake  off  the  enamel.  Special  enamels  are  cm- 
ploved  for  certain  products,  e.g.,  for  milk,  meats,  wine  and  beer,  soups 
and  entrees,  and  some  fruit  juiees. 

Glass  containers  are  used  for  the  eanning  of  many  foods  and  have  been 
greatly  improved  since  the  days  of  Appert. 

The  Canning  Procedure 

The  general  procedures  in  the  canning  of  a  food  wall  be  mentioned 
only  briefly  liere.  A  reference  on  food  technology  shoidd  be  consulted 
for  technical  details.  Raw  food  for  canning  should  be  freshly  harvested, 
properly  prepared,  inspected,  graded  if  desired,  and  thoroughly  washed 
before  introduction  into  the  can.  Many  v'cgetable  foods  are  blanched  or 
scalded  briefly  by  hot  water  or  steam  before  packaging.  The  blanching 
washes  the  food  further,  “sets  the  color,  softens  the  tissues  to  aid  pack¬ 
ing,  helps  form  the  vaeuum,  and  kills  some  mieroorganisms.  A  brine, 
consisting  of  salt  solution  or  salt  plus  sugar,  is  added  to  some  canned 
v'egetables;  and  sugar  sirups  may  be  added  to  fruits.  The  container  is 
evacuated  before  sealing,  usually  by  the  heating  of  the  head  space,  or 
unfilled  part  of  the  container,  but  often  by  mc'chanical  means. 


The  Heat  Process 

Methods  for  the  calculation  of  heat  processes  for  canned  foods  have 
bet'n  discussed  earlier  in  this  chapter.  The  canner  aims  for  complete 
sterilization  of  most  foods  but  does  not  always  attain  it.  Instead  of  killing 
all  microorganisms  in  the  food,  he  may  kill  all  that  could  spoil  the  food 
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under  normal  conditions  of  storage  and  he  may  leave  some  that  are  un¬ 
able  to  grow,  making  the  can  of  food  “commercially  sterile,”  “practically 
sterile,”  or  “bacterially  inactive.” 

The  heat  processes  necessary  for  the  preservation  of  canned  foods  de¬ 
pend  upon  the  factors  that  influence  the  heat  resistance  of  the  most  re¬ 
sistant  spoilage  organism  and  those  that  affect  heat  penetration.  The 
Research  Laboratory  of  the  National  Canners  Association  publishes 

Table  7-9.  Process  Times  Recommended  for  Foods  in  No.  2  Cansf 


Food 

Tem])erature 

Time 

(min) 

Initial 

(°F) 

Retort 

(°F) 

Asparagus  (all  green,  tips  down) . 

120 

240 

25 

Clreen  beans  (whole  or  cut) . 

70 

240 

21 

Lima  beans  (succulent) . 

70 

240 

40 

Baked  beans,  heavy  sauce,  pork  or  nom* . 

100 

240 

105 

Beets  in  brine . 

140 

240 

dO 

Carrots  in  brine . 

140 

240 

do 

Corn,  cream  style . 

ISO 

240 

90 

Corn,  whole  kernel,  in  brine . 

140 

240 

50 

Peas  in  brine . 

70 

240 

d() 

Pumpkin . 

180 

240 

Spinach,  whole  leaf . 

140 

2.52 

50 

Oysters  (Cove,  Atlantic,  or  (lulf  Coast) . 

180 

240 

27 

Cherries,  sour . 

20() 

7.4 

Peaches,  in  water . 

212 

14 

Tomatoes . 

212 

d5 

t  From  Natl  Canners  Assoc.  Bull  2()-L,  8th  ed.,  (1955)  and  Bull  17-L  (1921). 
W  hen  further  data  and  information  are  available,  the  bulletins  will  be  revised,  and  pre¬ 
vious  editions  should  l)e  discarded. 


bulletins  that  recommend  heat  processes  for  various  foods  in  different 
ean  sizes.  (Nonacid  foods  are  treated  in  Bulls.  26-L  and  3()-L  and  acid 
foods  in  Bull.  17-L. )  Examples  of  process  times  recommended  for  No.  2 
(pint)  cans  of  various  foods  are  shown  in  Table  7—9. 

With  higher  retort  temperatures  the  times  would  be  shorter,  and  the 
processes  would  vary  with  the  varieties  of  food  canned,  the  sauces  used, 
the  can  size  and  shape,  the  initial  temperature  of  the  food,  and  other 
factors.  The  process  time  for  food  consisting  of  a  mixture  of  discrete  par¬ 
ticles  and  a  finely  divided  component  in  water  or  brine  can  be  shortened 
y  means  of  the  Strata-Cook  process.  The  components,  e.g.,  creamed. 
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wliole-grain  corn  and  brine,  are  stratified  in  the  container  and  kept 
separated  during  heating.  This  method  takes  advantage  of  the  facts  that 
small  differences  in  the  water  content  of  a  food  heating  by  conduction 
do  not  have  much  effect  on  the  rate  of  heat  penetration  and  that  a  thin 
laver  of  such  food  will  heat  faster  than  a  thicker  one.  It  will  be  observed 
from  the  table  that  acid  foods  recpiire  less  heat  than  those  nearer  neutral- 
itv  and  that  foods  with  loose  licpior  take  less  heat  than  solidlv  packed 
ones.  Some  verv  acid  foods,  such  as  sauerkraut,  may  be  packed  hot  and 
retjuire  no  further  heating.  Some  foods,  e.g.,  globe  artichokes,  that  are 
damaged  bv  high  temperatures,  are  acidified  and  then  processed  at  lower 
temperatures. 

The  heating  ordinarilv  is  done  in  retorts,  with  or  without  steam  pres¬ 
sure  as  the  food  demands.  High-temperatnre-short-time  heat  processes, 
now  used  for  some  fluid  foods,  recjuire  special  ecjuipment  for  sterilizing 
the  food  in  bulk,  sterilizing  the  containers  and  lids,  and  filling  and  sealing 
the  sterile  containers  under  aseptic  conditions.  One  type  is  the  I  IGF,  or 
heat-cool-fill,  method,  of  which  the  Martin  process  is  an  example.  When 
a  particular  heat-resistant  spoilage  organism  is  feared,  a  high-tempera¬ 
ture-short-time  treatment  may  be  given  a  hVjuid  food  prior  to  canning, 
followed  by  a  milder  heat-treatment  of  the  food  in  the  can.  Thus  tomato 
juice  is  presterilized  at  250  to  270°F  (121  to  132°C)  to  kill  spores  of 
Bacilhis  thermoacidurans  before  canning.  Precautions  are  taken  to  pre¬ 
vent  contamination  between  heating  the  juice  and  sealing  the  filled  cans, 
e.g.,  during  filling.  A  mild  heat-treatment  follows.  In  the  SC,  or  sterilizing 
and  closing,  process,  sterilization  of  the  food  is  accomplished  before  the 
can  is  sealed.  In  the  PFC,  or  pressure-filler-cooker,  method,  the  food  is 
sterilized  by  high-pressure  steam  and  filled  into  the  can;  then  the  can  is 
sealed  and  the  licat  processing  is  continued  as  long  as  is  necessary  before 
cooling.  Dielectric  heating  will  be  discussed  in  Chapter  11. 

The  Cooling  Process 

Following  the  application  of  heat  the  containers  of  food  are  cooled 
as  rapidly  as  is  practicable.  The  cans  may  be  cooled  in  the  retort  or  in 
tanks  by  immersion  in  cold  water  or  by  a  spray  of  water.  Class  cont.iin- 
ers  and  large  cans  are  cooled  more  gradually  to  a\’oid  undue  stiain  or 
even  breakage.  This  tempering  process  inxolves  the  use  of  warm  water 
(or  spray),  the  temperature  of  which  is  lowered  as  cooling  progresses. 
Final  cooling  of  containers  usually  is  by  means  of  air  currents. 

The  leakage  of  cooling  water’  through  imperfections  in  the  container 
or  its  seal  and  the  resultant  spoilage  will  be  discussed  later  (Chapter  26). 


Canning  in  the  Home 

For  many  years  home  canners  have  used  processes  similar  K)  those  of 
Appert,  with  the  temperature  of  heating  not  exceeding  1(K)X:  (212  V  ). 
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This  has  been  accomplished  by  one  of  three  methods:  (1)  by  means  of 
a  bath  of  boiling  water,  in  which  the  containers  were  immersed;  (2)  by 
means  of  a  steamer,  in  which  the  containers  were  exposed  to  flowing 
steam;  or  (3)  by  means  of  oven  heat.  When  jars  are  heated  in  the  oven, 
the  temperature  cannot  exceed  the  boiling  point  of  the  food  unless  the 
containers  are  sealed  and  pressure  develops,  and  this  results  m  the  risk 
of  the  explosion  of  the  jars.  These  processes  are  sufficient  for  acid  foods 
like  fruits,  but  are  not  considered  adequate  for  low-acid  foods,  such  as 
peas,  corn,  or  meats.  Modern  methods  of  home  canning  employ  the  pres¬ 
sure  cooker  for  the  heat  processing  of  low-acid  foods  according  to 
directions  that  are  available  in  state  and  Federal  bulletins  on  home 
canning.  Low-  or  medium-acid  home-canned  foods,  because  they  are 
less  likely  to  be  contaminated  with  very  heat-resistant  spores  than  the 
commercially  canned  foods,  niay  be  preserved  successfully  with  less  heat 
than  used  by  the  commercial  canner,  and  even  with  a  temperature  of 
100°C  (212°F),  but  the  lower  heat-treatment  adds  to  the  risk  of  spoilage 
and  of  botulism  ( Chapter  30 ) . 

In  the  cold-pack  method  of  home  canning,  the  food  is  not  heated 
before  being  placed  into  the  jar  or  other  container,  in  contiast  to  the 
hot-pack  method,  where  the  food  is  precooked,  is  hot  when  transferred 
to  the  container,  and  is  immediately  heat-processed.  It  is  obvious  that 
the  cold-packed  food  will  require  more  of  a  heat-treatment  in  the  con¬ 
tainer  than  hot-packed  food.  The  cold-pack  method  is  not  recommended 
for  vegetables  and  meats. 

Canning  compounds,  usually  boric  or  salicylic  acid  or  potassium  pyro- 
suliite,  have  been  used  bv  home  canners  in  an  effort  to  reduce  the  heat- 
treatment  necessarv  for  the  preservation  of  foods.  There  is  doubt  about 
their  efficacy  and  their  healthfulness. 
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CHAPTER  8  Preservation  by  Use 

of  Low  Temperatures 


Low  temperatures  are  used  to  retard  chemical  reactions  and  action  of 
food  enzymes  and  to  slow  down  or  stop  gro\\'th  and  activity  of  micro¬ 
organisms  in  food.  The  lower  the  temperature,  the  slower  will  be  chem¬ 
ical  reactions,  enzyme  action,  and  microbial  growth;  and  a  low  enough 
temperature  will  prevent  the  growth  of  any  microorganism.  Tempera¬ 
tures  that  are  just  above  freezing  maintain  foods  near  their  original  con¬ 
dition  without  special  pretreatments.  Storage  time  is  limited,  however; 
artificial  refrigeration  is  expensive;  and  the  temperature  of  storage  is 
critical  for  some  foods.  Freezing  and  storage  in  the  frozen  condition  are 
still  more  costly  and  may  result  in  undesirable  changes  in  some  foods. 

Any  raw  plant  or  animal  food  may  be  assumed  to  contain  a  varietv  of 
bacteria,  yeasts,  and  molds  which  need  only  conditions  for  growth  to 
bring  about  undesirable  changes  in  the  food.  Each  microorganism  pres¬ 
ent  has  an  optimum  or  best  temperature  for  growth  and  a  minimum  tem¬ 
perature  below  which  it  cannot  multiply.  As  the  temperature  drops  from 
this  optimum  temperature  toward  the  minimum,  the  rate  of  growth  of 
the  organism  decreases  and  is  slowest  at  the  minimum  temperature. 
Cooler  temperatures  will  prevent  growth,  but  slow  metabolic  acti\'iW 
may  continue.  Therefore  the  cooling  down  of  a  food  from  ordinary  tem¬ 
peratures  has  a  different  effect  on  the  various  organisms  present.  A  drop 
of  10°  might  stop  the  growth  of  some  organisms  and  slow  down  the 
growth  of  others,  but  to  an  extent  that  would  vary  with  the  kind  of 
organism.  A  further  decrease  of  10°  in  temperature  would  stop  gro\\’th 
of  more  organisms  and  make  still  slower  the  growth  of  the  others.  The 
farther  the  temperature  is  lowered  toward  ()°C  (32°F),  the  fewer  will 
be  the  organisms  that  can  grow  and  the  slower  will  be  their  multiplica¬ 
tion.  ft  will  be  recalled  that  some  bacteria,  yeasts,  and  molds  can  grow 
slowly  at  temperatures  several  degrees  below  the  freezing  point  of  water. 
Therefore,  even  a  temperature  of  0°C  (32°F)  or  sfightly  below  will  not 
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prevent  microbial  spoilage  of  most  raw  foods  indefinitely,  if  the  moisture 
has  not  been  tied  up  by  the  freezing  process.  Freezing  not  only  ties  up 
most  of  the  moisture  present  but  also  increases  the  concentration  of  dis¬ 
solved  substances  in  the  unfrozen  moisture. 

Most  raw  foods  contain  a  number  of  plant  or  animal  enzvmes  that 
continue  their  action  during  storage.  The  lower  the  storage  temperature, 
the  slower  will  be  the  enzymatic  action;  but  the  action  of  some  enzvmes 
continues  at  an  appreciable  rate  at  temperatures  well  below  freezing. 
For  this  reason  vegetables  usually  are  scalded  or  blanched  before  freezing. 


GROWTH  OF  MICROORGANISMS  AT  LOW  TEMPERATURES 

A  few  examples,  reported  by  various  workers,  of  growth  of  micro¬ 
organisms  at  low  temperatures  will  be  given.  Of  the  molds,  Cdudo- 
sporiutn  and  Sporofrichiim  have  been  found  growing  at  — 6.7°C  (2()°F), 
and  PeniciUium  and  Manilla  at  — 4°C  (24.8°F).  Growth  of  yeasts  has 
taken  place  at  — 2  to  — 4°C  (28.4  to  24.8°F).  Growth  of  bacteria  at 
— 4  to  — 7.5°G  (24.8  to  18.5°F)  has  been  reported.  Manv  of  the  low- 
temperature  bacteria  are  species  of  Pseudomonas,  Achromohacter,  Al- 
cali^enes.  Micrococcus,  or  Flavohactcrium.  These  bacteria  grow  fairly 
well  at  chilling  temperatures,  as  do  some  veasts  and  manv  of  the  molds. 


LETHAL  EFEECT  OE  FREEZING  AND  SUBEREEZING 
TEMPERATURES 

Freezing  usuallv  effects  a  considerable  reduction  in  the  numbers  of 
viable  organisms  in  a  food,  but  does  not  sterilize  it.  The  percentage  of 
microorganisms  killed  during  freezing  will  varv  with  factors  to  be  dis¬ 
cussed,  but  averages  around  50  percent  if  a  quick-frt'ezing  process  is 
emploved.  The  lethal  effect,  supposedly  due  to  the  denaturation  and 
flocculation  of  cell  proteins,  depends  upon  the  following  factors: 

1.  The  kind  of  microorganism  and  its  state.  Resistance  to  freezing  tem¬ 
peratures  varies  with  the  kind  of  organism,  its  phase  of  growth,  and 
whether  it  is  in  the  vegetati\’e  or  spore  state.  It  would  be  expected  that 
a  bacterium  in  the  logarithmic  phase  of  growth  would  be  more  easily 
killed  than  in  other  phases  and  that  spores  might  be  more  resistant  than 
the  corresponding  vegetative  cells.  When  freezing  was  accomplished  in 
le.ss  than  15  sec  at  — 7()°G  ( — 94'^!")  it  was  found  that  while  100  percent 
of  the  Bacillus  mc^atcrium  spores  and  cells  of  Staphi/lococcus  aureus 
survived,  onlv'  70  percent  of  Escherichia  coli  cells  and  20  percent  of 
Pseudomonas  aeruginosa  cells  survived.  large  percentagt'  of  yeast  cells 
are  killed,  but  the  survivors  persist  for  a  long  time  at  very  low  tempera¬ 
tures.  Mold  sport.*s  are  fairly  resistant  to  freezing. 
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2.  T/?(?  temperature  during  freezuig  and  storage.  Haines’  has  lepoitecl 
that  bacteria  die  most  rapidly  in  the  range  — 1  to  — 5°C  (30.2  to  23°F). 
The  quicker  the  freezing  process,  the  more  rapidly  the  temperature  of 
the  food  would  pass  through  this  critical  zone  and  the  less  would  be  the 
killing.  Haines  also  found  that  storage  of  frozen  foods  at  temperatures 
within  this  critical  range  resulted  in  a  more  rapid  reduction  of  numbers 
of  bacteria  than  storage  at  lower  temperatures.  Very  low  temperatures 
of  freezing  and  storage  do  not  seem  to  be  more  lethal  than  moderately 
low  temperatures.  Very  rapid  freezing  causes  little  reduction  in  numbers 
of  bacteria.  Slow  freezing  permits  some  growth  of  bacteria  before  the 
food  becomes  frozen.  Although  a  greater  percentage  of  organisms  is 
killed  by  slow  freezing  than  bv  fast,  the  greater  total  number  of  organ¬ 
isms  present  at  freezing  with  the  slow  method  may  result  in  a  greater 
number  of  surviving  organisms  than  vats  in  the  original  unfrozen  food. 

3.  The  time  of  storage  in  the  frozen  condition.  The  numbers  of  viable 
microorganisms  decrease  with  lengthened  time  of  storage.  This  decrease 


is  gradual,  and  some  organisms  will  survive  after  several  years.  Death 
supposedly  is  due  to  starvation. 

4.  The  kind  of  food.  The  composition  of  the  food  influences  the  rate 
of  death  of  organisms  during  freezing  and  storage.  Sugar,  salt,  proteins, 
eolloids,  fat,  and  other  substanees  may  be  protective,  while  high  moisture 
and  low  pH  may  hasten  killing. 

5.  Alternate  freezing  and  thawing.  Alternate  freezing  and  thawing  is 
supposed  to  hasten  the  killing  of  microorganisms,  but  apparently  does 
not  do  so  in  all  instances.^ 


TEMPERATURES  EMPLOYED  IN  LOW-TEMPERATURE  STORAGE 

Many  of  the  terms  used  in  connection  with  low-temperature  storage 
are  applied  rather  loosely:  for  example,  the  term  “cold  storage,”  as  com¬ 
monly  used,  might  refer  to  the  use  of  temperatures  above  or  below  freez¬ 
ing,  although  the  application  of  mechanical  refrigeration  is  implied.  For 
this  reason  the  more  exact  British  terminologv  is  used  here  in  the  division 
of  low-temperature  storage  into  three  types:  (1)  common,  or  cellar, 
storage,  (2)  chilling,  and  (3)  cold  storage,  or  freezing. 

Common,  or  Cellar,  Storage 

The  temperature  in  common,  or  cellar,  storage  usually  is  not  much 
below  that  of  the  outside  air,  and  seldom  is  lower  than  15°C  (60°F). 
Root  crops,  potatoes,  cabbage,  celery,  apples,  and  similar  foods  can  be 

’  R.  B.  Haines,  Proc.  Roy.  Soc.  London,  B.  124:  4.51-463  ( 19,38). 

‘G.  J.  Hucker  and  E.  R.  David,  Food  TechnoL,  11:  354-3.56,  381-383  (19,57). 
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stored  for  limited  periods.  The  deterioration  of  such  fniits  and  vegeta¬ 
bles,  due  to  their  own  enzymes  and  to  microorganisms,  is  not  prevented 
but  is  slower  than  at  atmospheric  temperatures.  Too  low  a  humiditv  in 
the  storage  cellar  residts  in  losses  of  moisture  from  the  stored  food,  and 
too  high  a  humiditv  favors  spoilage  by  microorganisms.  In  many  foreign 
countries  no  refrigeration  is  available  in  most  homes,  and  common  storage 
of  all  foods  is  the  rule. 

Chilling 

Chilling  storage  is  at  temperatures  not  far  above  freezing,  and  usually 
iiu'olves  cooling  by  ice  or  by  mechanical  refrigeration.  It  may  be  used  as 
the  main  preservative  method  for  foods  or  for  temporary  preserx’ation. 
until  some  other  preservative  process  is  applied.  Most  perishable  foods, 
including  eggs,  dairv  products,  meats,  seafood,  v'egetables,  and  fruits, 
may  be  held  in  chilling  storage  for  a  limited  time  with  little  change  from 
their  original  condition.  Enzvmatic  and  microbial  changes  in  the  foods 
are  not  prevented  but  are  slowed  down  considerably. 

Factors  to  be  considered  in  connection  with  chilling  storage  include 
the  temperature  of  chilling,  the  relative  humidity,  air  velocity  and  com¬ 
position  of  the  atmosphere  in  the  storeroom,  and  the  possible  use  of 
ultraviolet  rays  or  other  radiations. 

Temperature.  The  lower  the  temperature  of  storage,  the  greater  will 
be  the  cost.  Therefore,  although  most  foods  will  keep  best  at  a  tempera¬ 
ture  just  above  their  freezing  point,  they  are  not  necessarily  stored  at  this 
low  temperature.  Instead  the  chilling  temperature  is  selected  on  the  basis 
of  the  kind  of  food  and  the  time  and  conditions  of  storage.  Certain  foods 
have  an  optimum  storage  temperature  or  range  of  temperatures  well 
above  the  freezing  point  and  may  be  damaged  by  lower  tempe^ratures.  A 
well-known  example  is  the  banana,  which  should  not  be  kept  in  the 
refrigerator;  it  keeps  best  at  about  13.3  to  16.7°C  (56  to  62°1  ).  Some 
varieties  of  apples  undergo  “low-temperature  breakdown  at  tempera¬ 
tures  near  freezing,  and  svv'eet  potatoes  keep  best  at  10  to  12.8°C  (50  to 
55°F).  .\s  will  be  pointed  out,  the  minimum  chilling  temperature  re- 
(juired  for  storage  of  a  food  \\ill  depend  upon  the  relative  humiditv  and 
composition  of  the  storage  atmosphere  or  upon  special  treatments  like 
ultraviolet  irradiation. 

The  temperature  of  an  ordinaiy  icebox  varies  from  4.4  to  12.S‘^C  (40 
to  55°F),  depending  upon  the  amount  of  ice,  its  rate  of  melting,  tlu 
amount  of  food,  the  kind  of  icebox,  etc.  The  temperature  of  a  mechanical 
refrigerator  is  mechanically  controlled,  but  varies  in  different  parts, 
usuaTly  between  0  and  KFC  (32  and  50  F).  It  is  recommended  that  the 
temjierature  of  food  in  refrigerators  be  kept  b(*low  10  (.  (50  1  ),  because 
atl^nrperature  this  low  prevents  the  growth  of  pathogens  and  prevents 
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or  greatly  slows  down  the  growth  of  the  more  important  spoilage 
organisms. 

Relative  Humiditij.  The  optimum  relative  humidity  of  the  atmosphere 
in  chilling  storage  varies  with  the  food  stored  and  with  environmental 
factors  such  as  temperature,  composition  of  the  atmosphere,  and  ray 
treatments.  Too  low  a  relative  humidity  results  in  loss  of  moisture  and 
hence  of  weight,  in  the  wilting  and  softening  of  vegetables,  and  in  the 
shrinkage  of  fruits.  Too  high  a  relative  humidity  favors  the  growth 
of  spoilage  microorganisms.  The  highest  humidity,  near  saturation,  is 
required  for  most  bacterial  growth  on  the  surface  of  foods;  less  moisture 
is  needed  by  yeasts,  about  90  or  92  percent,  and  still  less  by  molds, 
which  can  grow  in  a  relative  humiditv  of  85  to  90  percent.  Changes  in 
humidity,  as  well  as  in  temperature,  during  storage  may  cause  “svv^eat- 
ing,”  or  precipitation  of  moisture,  on  the  food.  A  moist  surface  favors 
microbial  spoilage,  such  as  the  slime  on  the  moist  surface  of  sausage. 

Examples  of  how  the  optimum  relativ^e  humidity  for  chilling  storage 
varies  with  the  food  stored  are  given  in  Table  8-1. 


Table  8-1.  Optimum  Relative  Humidities  and  Storage  Temperatures 

for  Raw  Foods! 


Product 

Temperature 

(°F) 

Relative  humidity 
(percent ) 

Apricots . 

31-82 

85-90 

Bananas . 

53-()() 

85-90 

Beans  (snap),  peppers . 

45 

85-90 

Cabbage,  lettuce,  carrots . 

32 

90-95 

Lemons . 

55-58 

85-90 

Melons  (cantaloupe) . 

40-50 

80-85 

Nuts . 

32-36 

65-70 

Onions . 

32 

70-75 

Tomatoes  (ripe) . 

40-50 

85-90 

t  From  U.S.  Department  of  Agriculture  Handbook  (id. 

The  effect  of  storage  temperature  on  the  maximum  relative  humiditv 
permissible  is  illustrated  by  some  German  recommendations  (Table  8-2) 
for  the  storage  of  meat: 

Table  8-2.  Temperatures  and  Relative  Humidities  for  Storage  of  Meat 

Storage  temperature  Recommended  relative  humidity 

(  (percent) 


4 

2 

0 


75 

88 

92 
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Ozone  or  carbon  dioxide  in  tlie  storage  atmosphere  permits  an  in¬ 
crease  in  the  relative  hiimiditv.  Tims  eggs  have  been  reported  to  keep 
as  well  in  a  relative  hnmiditv  of  90  percent  in  the  presence  of  1.5  parts 
per  million  of  ozone  as  in  a  relative  hnmiditv  of  85  percent  in  the  absence 
of  ozone.  Both  higlier  storage  temperatures  and  humidities  can  be  used 
for  apples  if  controlled  amounts  of  carbon  dioxide  are  present  in  the 
atmosphere. 

Vcntilaiion.  Ventilation  or  control  of  air  velocities  of  the  storage  room 
is  important  in  maintaining  a  uniform  relativ'e  humidity  thronghont  the 
room,  in  removing  odors,  and  in  preventing  the  development  of  stale 
odors  and  flavors.  The  rate  of  air  circnlation  will,  of  course,  affect  the 
rate  of  drving  of  foods.  If  adecjiiate  ventilation  is  not  provided,  food  in 
local  areas  of  high  hnmiditv^  may  undergo  microbial  decomposition. 

Composition  of  Storage  Atmosphere.  The  amounts  and  proportions  of 
gases  in  the  storage  atmosphere  influence  preservation  by  chilling. 
Usnallv'  no  attempt  is  made  to  control  the  composition  of  the  atmosphere, 
although  stored  plant  foods  continue  to  respire,  using  oxygen  and  giv  ing 
off  carbon  dioxide.  In  recent  vears,  hovv'ever,  increased  attention  has  been 
giv^en  to  “gas  storage”  of  foods,  where  the  composition  of  the  atmosphere 
iuis  been  controlled  bv  the  introduction  of  carbon  dioxide,  ozone  (ex¬ 
perimentally)  or  other  gas,  or  the  removal  of  carbon  dioxide.  Gas  storage 
ordinarily  is  combined  with  chilling  storage;  and  it  has  been  found  that 
in  the  presence  of  optimal  concentrations  of  carbon  dioxide  or  ozone  (1) 
a  food  wall  remain  unspoiled  for  a  longer  period;  or  (2)  a  higher  relative 
humidity  can  be  maintained  without  harm  to  the  keeping  cpiality  of 
certain  foods;  or  (3)  a  higher  storage  temperature  can  be  vised  without 
shortening  the  keeping  time  of  the  food  than  is  possible  vv'ith  ordinarv 
chilling  storage.  It  is  especially  advantageous  to  be  able  to  maintain  a 
high  relative  hnmiditv  without  added  risk  of  microbial  spoilage,  because 
many  foods  keep  their  original  qualities  better  if  they  lose  little  moisture. 

The  optimal  concentration  of  carbon  dioxide  in  the  atmosphere  varies 
with  the  food  stored,  from  the  approximately  2.5  percent  reported  best 
for  eggs  and  10  percent  for  chilled  beef  up  to  the  100  percent  for  bacon. 
For  some  foods,  c.g.,  apples,  the  concentration  of  o.xygen  as  well  as  of 
carbon  dioxide  is  significant,  and  a  definite  ratio  of  these  gases  is  sought. 
Bespiring  plant  cells  may  evolve  too  much  carbon  dioxide  into  the  stor¬ 
age  room  for  some  foods,  and  then  part  of  it  must  be  removed. 

Ozone  in  a  concentration  of  several  parts  per  million  has  been  tried 
as  an  aid  in  the  chilling  preservation  of  foods.  Ozone  is  a  strong  oxidizing 
agent  and  therefore  cannot  be  used  with  foods  harmed  by  oxidation, 
such  as  butter  or  similar  fatty  foods.  Ozone  is  irritating  to  the  mucous 

membranes  of  workers. 
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Storage  in  the  inert  gas  nitrogen  has  been  tried  experimentally  but  to 
date  has  not  been  used  to  any  extent  with  chilling  storage. 

Irradiation.  The  combination  of  ultraviolet  irradiation  with  chilling 
storage  aids  in  the  preservation  of  some  foods  and  may  permit  the  use  of 
a  higher  humidity  or  storage  temperature  than  is  practicable  with  chilling 
alone.  Ultraviolet  lamps  have  been  installed  in  rooms  for  the  storage 
of  meat  and  cheese.  The  use  of  these  and  other  rays  will  be  discussed  in 
Chapter  11. 

Freezing  (Cold  Storage) 

The  storage  of  foods  in  the  frozen  condition  has  been  an  important 
preservative  method  for  centuries  where  outdoor  freezing  temperatures 
were  available.  With  the  development  of  mechanical  refrigeration  and  of 
the  quick-freezing  processes,  the  frozen-food  industrv  has  expanded 
rapidly.  Even  in  the  home,  the  freezing  of  foods  has  become  extensive, 
now  that  home  deep-freezers  are  readilv  available.  Under  the  usual  con¬ 
ditions  of  storage  of  frozen  foods  microbial  growth  is  prevented  entirely 
and  the  action  of  food  enzvmes  is  greatly  retarded.  The  low^er  the  storage 
temperature  the  slow'er  will  be  any  chemical  or  enzymatic  reactions,  but 
most  of  them  will  continue  slowiy  at  any  temperature  now^  used  in  stor¬ 
age.  Therefore,  it  is  a  common  practice  to  inactivate  enzvmes  of  vegeta¬ 
bles  by  scalding  or  blanching  prior  to  freezing  wiien  practicable. 

Selection  and  Preparation  of  Foods  for  Freezing.  The  (jualitv  of  the 
food  to  be  frozen  is  of  prime  importance,  for  the  frozen  food  can  be  no 
better  than  the  food  was  before  it  w^as  frozen.  Fruits  and  vegetables  are 
selected  on  the  basis  of  their  suitability  for  freezing  and  their  maturity, 
and  are  washed,  trimmed,  cut,  or  otherwise  pretreated  as  desired.  Most 
vegetables  are  scalded  or  blanched,  and  fruits  may  be  packed  in  a  sirup. 
Meats  and  seafood  are  selected  for  qualitv  and  are  handled  so  as  to 
minimize  enzymatic  and  microbial  changes  in  them.  Most  foods  are 
packaged  before  freezing,  but  some  foods  in  small  pieces,  e.g.,  strawy- 
berries,  may  be  frozen  before  packaging. 

The  scalding  or  blanching  of  vegetables  ordinarilv  is  done  with  hot 
water  or  steam,  the  extent  of  the  treatment  varving  with  the  food.  This 
brief  heat-treatment  is  supposed  to  accomplish  the  follow^ing;  (1)  inac¬ 
tivation  of  most  of  the  plant  enzymes  wiiich  otherwise  might  cause  tough¬ 
ness,  change  in  color,  mustiness,  loss  in  flavor,  softening,  and  loss  in  nutri¬ 
tive  value;  (2)  reduction  (as  large  as  99  percent)  in  the  numbers  of 
microorganisms  on  the  food;  (3)  enhancement  of  the  green  color  of 
vegetables  like  peas,  broccoli,  and  spinach;  (4)  the  wilting  of  leafy  vege- 
tables  like  spinacli,  making  tliem  pack  better;  (5)  tlie  displacoment' of 
air  entrapped  in  the  tissues. 
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Freezing  of  Foods.  The  rate  of  freezing  of  foods  depends  upon  a  num¬ 
ber  of  factors,  such  as  the  method  employed,  the  temperature,  circulation 
of  air  or  refrigerant,  size  and  shape  of  package,  kind  of  food,  etc.  Sharp 
freezing  usuallv  refers  to  freezing  in  air  with  only  natural  air  circulation 
or  at  best  with  electric  fans.  The  temperature  is  usually  — 10°F 
( — 23.3°C)  or  lower,  but  may  vary  from  5  to  — 20°  F  ( — 15  to  — 29°C), 
and  freezing  may  take  from  3  to  72  hr.  This  sometimes  is  termed  slow 
freezing  to  contrast  it  to  (juick  freezing,  in  which  the  food  is  frozen  in 
a  relatiyely  short  time.  Quick  freezing  is  defined  yariously,  but,  in  gen¬ 
eral,  infers  a  freezing  time  of  30  min  or  less,  and  usually  the  freezing  of 
small  packages  or  units  of  food.  Quick  freezing  is  accomplished  by  one 
of  three  general  methods;  (1)  by  direct  immersion  of  the  food  or  the 
packaged  food  in  a  refrigerant,  as  is  done  in  the  freezing  of  fish  in  brine 
or  of  berries  in  special  sirups;  (2)  by  indirect  contact  with  the  refrig¬ 
erant,  vyhere  the  food  or  package  is  in  contact  with  the  passage  through 
which  the  refrigerant  at  0  to  — 5()°F  ( — 17.8  to  — 45.6°C)  flows;  or  (3) 
by  air-blast  freezing,  where  frigid  air  at  0  to  — 30°F  ( — 17.8  to  — 34.4°C) 
is  blown  across  the  materials  being  frozen. 

recent  method  for  the  oyerseas  shipment  of  frozen,  packaged  foods 
inv'oK'es  nitrogen  freezing  of  the  cartoned  foods  in  a  special  aluminum 
case  to  about  — 150°F  and  ordinary  storage  on  the  ship.  The  original  low 
temperature  plus  the  insulation  guarantee  that  the  food  will  remain  in 
the  frozen  condition  for  the  desired  period. 

The  adyantages  claimed  for  (juick  freezing  oyer  slow  freezing  are  that 
(1)  small  ice  crystals  are  formed,  and  hence  there  is  less  mechanical 
destruction  of  intact  cells  of  the  food;  ( 2 )  there  is  a  shorter  period  of 
solidification  and  therefore  less  time  for  diffusion  of  soluble  materials 
and  for  separation  of  ice;  (3)  there  is  more  prompt  preyention  of 
microbial  growth;  (4)  there  is  more  rapid  slowing  of  enzyme  action. 
Quick-frozen  foods,  therefore,  are  supposed  to  thaw  to  a  condition  more 
like  that  of  the  original  food  than  slow-frozen  foods.  This  seems  to  be 
true  for  some  foods,  e.g.,  fish,  but  not  nece.ssarily  for  all  foods.  The  choice 
of  the  freezing  process  to  be  employed  is  likely  to  be  based  on  economic 
reasons  rather  than  on  the  effect  on  the  (juality  of  the  food  as  used. 

Cduingcs  during  Preparation  for  Freezing.  The  rate  and  kind  of  de¬ 
terioration  of  foods  prior  to  freezing  will  depend  upon  the  condition  of 
the  food  at  harvesting  or  slaughter  and  the  methods  of  handling  there¬ 
after.  The  changes  in  the  food,  due  to  chemical  reaction,  action  of 
enzymes  of  the  food,  or  action  of  microorganisms,  will  be  discussed  in 
Part  3.  The  higher  the  temperatures  during  handling,  the  more  rapid 
will  be  the  chemical  and  enzymatic  changes.  The  temperatures  at  which 
the  food  is  held  and  other  environmental  conditions  will  determine  the 
kinds  of  microorganisms  to  grow  and  the  changes  to  be  protluced.  The 
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condition  of  the  food  at  the  time  of  freezing  will  determine  tlie  potential 
quality  of  the  frozen  food. 

Fruits  and  vegetables  continue  to  mature  after  harvesting.  Respiration 
continues,  with  intake  of  oxygen  and  evolution  of  carbon  dioxide.  Oxida¬ 
tion,  chemical  and  enzymatic,  produces  changes  in  flavor  and  color,  with 
acceleration  of  these  processes  if  cut  surfaces  are  exposed.  Hydrolytic 
enzymes  continue  to  function  except  when  foods,  e.g.,  vegetables,  are 
blanched.  If  conditions  are  favorable,  microorganisms  grow  on  surfaces 
of  the  foods  and  cause  physical  and  chemical  changes.  Molds  or  bacteria 
may  cause  rotting,  or  microorganisms  may  cause  sliminess,  off-flavors, 
and  off-colors. 

After  slaughter,  meats  and  fish  continue  to  support  the  change  of 
glycogen  to  lactic  acid;  pigments  change  color  because  of  oxidation- 
reduction  reactions;  fats  become  oxidized  and  hydrolyzed;  hydrolytic 
enzymes  break  down  tissues  with  a  desirable  tenderizing  effect  in  beef, 
but  with  undesirable  changes  in  the  flavor  and  consistency  of  most  meats 
or  of  fish;  and  bacteria,  yeasts,  and  molds  begin  to  grow  on  the  surfaces 
to  produce  sliminess,  discoloration,  or  undesirable  flavors,  and  in  time 
may  affect  the  interior  flesh.  The  food  processor  attempts  to  keep  all  of 
the  above  undesirable  changes  at  a  minimum  until  the  food  can  be 
frozen. 

Prior  to  freezing,  eggs  may  undergo  contamination  from  various 
sources,  including  that  during  the  breaking  process,  and  the  inclusion 
of  eggs  containing  large  numbers  of  bacteria  may  not  only  increase  the 
bacterial  content  of  the  frozen  product  but  reduce  its  (juality  (see  Chap¬ 
ter  15). 

Changes  during  Freezing.  The  quick-freezing  process  rapidlv  slows 
down  ehemical  and  enzymatic  reactions  in  the  foods  and  stops  microbial 
growth.  A  similar  effect  is  produced  by  sharp  or  slow  freezing,  but  with 
less  rapidity.  The  physical  effects  of  freezing  are  of  great  importance. 
There  is  an  expansion  in  volume  of  the  frozen  food,  and  ice  crystals  form 
and  grow  in  size.  These  crystals  usually  are  larger  with  slow  freezing, 
and  more  ice  accumulates  between  tissue  cells  than  with  quick  freezing. 
Water  is  drawn  from  the  cells  to  form  such  ice,  with  a  resultant  increase 
in  the  concentration  of  solutes  in  the  unfrozen  licjuor,  which  in  this  wav 
has  a  constantly  dropping  freezing  point  until  a  stable  condition  is 
reached.  It  is  claimed  that  the  ice  crystals  rupture  tissue  cells  or  even 
microorganisms,  but  modern  workers  minimize  the  importance  of  such 
an  effect.  The  increased  concentration  of  solutes  in  the  cells  hastens  the 
salting  out  and  denaturation  of  proteins,  causes  irreversible  changes  in 
colloidal  systems  such  as  the  syneresis  of  hydrophilic  colloids,  and  is 
supposed  to  be  responsible  for  the  killing  of  microorganisms.  As  ^^'as 
stated  previously,  bacteria,  and  probably  other  microorganisms,  die  most 
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rapidly  in  the  range  —1  to  — 5°C  (30.2  to  23°F).  Therefore  there 
should  be  more  killed  by  a  slow-freezing  process  than  by  a  quick  one, 
blit  at  the  same  time  there  would  be  more  undesirable  physical  change 
with  slow  freezing. 

Changes  during  Storage.  During  storage  of  the  food  in  the  frozen  con¬ 
dition  chemical  and  enzymatic  reactions  proceed  slowly.  The  unfrozen, 
concentrated  solution  of  sugars,  salts,  etc.,  may  ooze  from  the  package 
during  storage  as  a  viscous  material  called  the  metacrvotic  liquid.  Fluc¬ 
tuation  in  the  storage  temperature  results  in  grow^th  in  the  size  of  ice 
crystals  and  in  physical  damage  to  the  food.  Desiccation  of  the  food  is 
likely  to  take  place  during  storage,  especially  at  the  surface.  When  ice 
crystals  evaporate  from  an  area  at  the  surface  a  defect  called  freezer- 
burn  is  produced  on  fruits,  vegetables,  meats,  poultry,  and  fish.  The  spot 
usually  appears  dry,  grainy,  and  browmish,  and  in  this  area  the  rate  of 
o.xidation  and  hydrolysis  of  fat  is  increased,  proteins  are  irreversiblv  de¬ 
hydrated,  the  red  hemoglobin  is  changed  to  the  brown  methemoglobin, 
and  the  tissues  become  drv  and  toush, 

Vegetativ^e  cells  of  microorganisms  are  unable  to  take  in  food  and,  in 
time,  wa'll  die  of  starvation.  There  is  a  slow  but  continuous  decrease  in 
numbers  of  viable  microorganisms  as  storage  continues,  with  some 
species  dying  off  more  rapidly  than  others,  but  with  representatives  of 
most  species  sur\  iving  for  months  or  even  vears. 

Changes  during  Thawing.  Most  of  the  changes  that  seem  to  appear 
during  thawing  are  the  result  of  freezing  and  storage  but  do  not  become 
evident  earlier.  When  the  ice  crvstals  melt,  the  licjuid  either  is  absorbed 
back  into  the  tissue  cells  or  leaks  out  from  the  food.  Slow%  wTll-controlled 
thawa'ng  usuallv  results  in  better  return  of  moisture  to  the  cells  than 
rapid  thawing  and  results  in  a  food  more  like  the  original  food  that  was 
frozen.  The  pink  or  reddish  liijuid  that  comes  from  meat  on  thawing  is 
called  drip,  or  bleeding,  and  the  liquid  oozing  from  fruits  or  vegetables 
on  thawing  is  termed  leakage.  The  wilting  or  flabbiness  of  vegetables 
and  the  mushiness  of  fruits  on  thawing  is  chiefly  the  result  of  physical 
damage  during  freezing.  During  thawing  the  rate  of  action  of  enzymes 
in  the  food,  will  increase,  but  the  time  for  action  will  be  comparatively 
short  if  the  food  is  utilized  promptly. 

If  thawing  is  reasonablv  rapid  and  the  food  is  used  promptly  there 
should  be  little  trouble  with  grow’th  of  microorganisms  bi’cause  the  tem¬ 
peratures  will  be  too  low'  for  anv  appreciable  amount  of  growth.  OuK 
when  the  thaw  ing  is  verv  slow  or  when  the  thawed  food  is  allowed  to  stand 
at  room  temperature  is  there  opportunity  for  any  considerable  amount 
of  growth  and  activitv’  of  microorganisms.  The  kinds  of  organisms  to 
grow  would  depend  upon  the  temperature  of  thawing  and  the  time  the 
food  was  allowed  to  stand  after  thawing. 
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The  microbiology  of  most  of  the  various  kinds  of  frozen  foods  will  be 
discussed  in  more  detail  when  the  preservation  of  specific  foods  is  treated 
in  following  chapters  ( Chapters  12  to  16 ) . 

Precooked  Frozen  Foods.  Precooked  frozen  foods  include  such  a  va¬ 
riety  of  types  of  foods  and  food  products  that  they  can  be  most  con¬ 
veniently  discussed  together.  Most  such  foods  are  meat,  fish,  or  poultry 
products,  for  example  soups,  creamed  products,  stews,  pies,  fried  fish 
or  poultry,  chow  mein,  barbecued  meat,  meat  loaf,  chicken  a  la  king,  etc. 
Some  bakery  products,  fruits,  and  vegetables  may  be  cooked  and  then 
frozen,  however.  The  precooking  process  usually  is  enough  to  kill  any 
pathogens  in  the  raw  material  and  greatlv  reduce  the  total  number  of 
microorganisms  present.  Therefore,  the  suggested  standard  of  not  over 
100,000  colonies  per  gram  by  a  plate  count  seems  fairly  lenient.  Most 
samples  of  precooked  frozen  foods  examined  by  various  workers  would 
have  met  this  standard.  The  cooking  process  would  not  destroy  any  pre¬ 
formed  staphylococcus  toxin  in  the  food  (see  Chapter  30). 

It  is  especially  important  to  prevent  contamination  of  the  food  after 
the  precooking,  for  any  pathogenic  or  spoilage  organism  then  introduced 
would  find  competition  from  other  organisms  greatly  reduced  and  the 
cooked  food  probably  a  better  culture  medium  than  the  original  raw 
material  if  opportunity  for  growth  were  given.  Therefore  it  also  is  im¬ 
portant  that  cooling  and  freezing  be  done  promptly  after  cooking,  so  as 
to  give  no  opportunity  for  such  growth. 

If  these  precooked  frozen  foods  are  kept  at  warm  temperatures  too 
long  after  thawing,  there  may  be  growth  and  toxin  production  by  staphy¬ 
lococci  or  Clostridium  botuliuum,  if  present,  although  no  such  occurrence 
has  ever  been  reported.  The  final  cooking  or  warming  up”  of  these  prod¬ 
ucts  in  the  home  or  restaurant  is  not  always  enough  of  a  heat-treatment 
to  greatly  reduce  numbers  of  organisms  present  or  guarantee  that  any 
pathogens  present  will  be  killed  or  toxins  destroyed. 
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CHAPTER  9  Preservation  by  Drying 


Presentation  of  foods  by  drying  has  been  practiced  for  centuries.  Some 
foods,  e.g.,  grains,  are  dry  enough  as  har\ested,  or  witli  a  little  drying, 
to  remain  unspoiled  for  long  periods  under  proper  storage  conditions. 
Most  foods,  however,  contain  enough  moisture  to  permit  action  by  their 
owni  enzymes  and  by  microorganisms,  so  that  in  order  to  preserv^e  them 
by  dryness  the  removal  or  binding  (e.g.,  by  solutes)  of  moisture  is 
necessary. 

Drying  usually  is  accomplished  by  the  removal  of  water,  but  any 
method  that  reduces  the  amount  of  available  moisture  in  a  food  is  a  form 
of  drying.  Thus,  for  example,  dried  fish  may  be  heavily  salted  so  that 
moistuie  is  diawn  out  from  the  flesh  and  tied  up  bv  the  solute  and  hence 
IS  unavailable  to  microorganisms.  Sugar  may  be  added,  as  in  sweetened 
condensed  milk,  to  reduce  the  amount  of  available  moisture. 

Moisture  may  be  removed  from  foods  by  any  of  a  number  of  methods, 
from  the  ancient  practice  of  drying  by  means  of  the  sun’s  rays  to  the 
modem  artificial  ones.  Many  of  the  terms  used  in  connection  with  the 
drying  of  foods  are  rather  inexact.  A  sun-dried  food  has  had  moisture 
removed  by  exposure  to  the  sun’s  rays  without  any  artificially  produced 
heat  and  without  controlled  temperatures,  relative  humidities,  or  air 
velocities.  A  dehydrated  or  desiccated  food  has  been  dried  bv  artificially 
produced  heat  under  controlled  conditions  of  temperature,  "relative  hu¬ 
midity,  and  air  flow.  Condensed  usually  infers  that  moisture  has  been 
removed  from  a  liquid  food,  and  evaporated  may  have  a  similar  meaning 
or  may  be  used  synonymously  with  the  term  dehydrated. 


METHODS  OF  DRYING 

Methods  of  drying  will  be  mentioned  only  briefly;  references  on  fooc 

foorul\  Tlie  drying  of  indisid.u,: 

foods  will  be  discussed  the  chapters  on  the  preservation  of  these  foods 

125 


126 


Preservation  of  Foods 


Sun  Drying 

Sun  drv'ing  is  limited  to  favorable  climates  and  to  certain  fruits  such 
as  raisins,  primes,  figs,  apricots,  nectarines,  pears,  and  peaches.  The  fruits 
are  spread  out  on  trays  and  may  be  turned  during  drying.  Other  special 
treatments  will  be  discussed  later. 


Drying  by  Mechanical  Driers 

Most  methods  of  artificial  drying  involve  the  passage  of  heated  air  with 
controlled  relative  humidity  over  the  food  to  be  dried  or  the  passage  of 
the  food  through  such  air.  A  number  of  devices  are  used  for  controlled 
air  circulation  and  for  the  reuse  of  air  in  some  processes.  The  simplest 
drier  is  the  evaporator  or  kiln,  sometimes  used  in  the  farm  home,  where 
the  natural  draft  from  the  rising  of  heated  air  brings  about  the  dr\’ing  of 
the  food.  Forced-draft  drs’ing  systems  employ  currents  of  heated  air  that 
move  across  the  food,  usuallv  in  tunnels.  An  alternative  method  is  to 
move  the  food  on  conveyor  belts  or  on  trays  in  carts  through  the  heated 
air. 

Licjuid  foods,  such  as  milk,  juices,  and  soups,  may  be  evaporated  by 
the  use  of  comparatively  low  temperatures  and  a  vacuum  in  a  vacuum 
pan  or  similar  device;  drum-dried  by  passage  ov'cr  a  heated  drum,  with 
or  without  vacuum;  or  spray-dried  by  spraying  the  liijuid  into  a  current 
of  drv,  heated  air. 


Drying  during  Smoking 

.\s  is  indicated  in  Chapter  10,  most  of  the  preservatix'e  effect  of  the 
smoking  of  foods  is  due  to  the  drying  of  the  food  during  the  process.  In¬ 
deed,  some  workers  maintain  that  drying  is  the  main  preservative  factor, 
especially  drying  at  the  surface  of  the  food. 


Other  Methods 

Electronic  heating  has  been  suggested  for  the  removal  of  still  more 
moisture  from  a  food  already  fairly  well  dried.  Recently  the  removal  of 
moisture  by  frt^ezing  under  a  vacuum  ( lyojihilization )  has  rect'ivcd  an 
increasing  amount  of  attention. 


FACTORS  IN  THE  CONTROL  OF  DRYING 

.\  consideration  of  the  proper  control  of  dehydration  includes  the  fol 
lowing  factors:  (1)  The  temperature  employed,  which  will  vary  with 
the  food  and  the  method  of  drying.  (2)  The  relative  humidity  ol  the  air. 
This,  too,  is  varied  with  the  food  and  the  method  of  drying  and  also  with 
the  stage’  of  drving.  It  usually  is  higher  at  the  start  of  drying  than  later. 
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(3)  The  velocity  of  the  air.  (4)  The  time  of  drying.  Improper  control  of 
these  factors  may  cause  casehardening  due  to  more  rapid  evaporation 
of  moisture  from  the  surface  than  diffusion  from  the  interior,  with  a  re¬ 
sulting  hard,  horny,  impenetrable  surface  film  that  hinders  further  drying. 


TREATMENTS  OF  FOODS  BEFORE  DRYING 

Many  of  the  pretreatments  of  foods  to  he  dried  are  important  in  their 
effect  on  the  microbial  population  as  will  be  indicated.  These  pretreat¬ 
ments  may  include  (1)  selection  and  sorting  for  size,  maturity,  and 
soundness;  (2)  washing,  especially  of  fruits  and  vegetables;  (3)  peeling 
of  fruits  and  vegetables  by  hand,  machine,  lye  bath,  or  abrasion;  (4) 
subdivision  into  halves,  slices,  shreds,  or  cubes;  (5)  alkali  dipping,  which 
is  used  primarily  for  certain  fruits  such  as  raisins,  grapes,  and  prunes 
(for  sun  drying)  and  employs  hot  0.1  to  1.5  percent  lye  or  sodium  car¬ 
bonate;  (6)  blanching  or  scalding  of  vegetables;  (7)  sulfuring  of  light- 
colored  fruits  and  of  certain  vegetables.  Fruits  are  sulfured  by  exposure 
to  sulfur  dioxide  gas  produced  by  the  buniing  of  sulfur  so  that  a  level 
of  1,000  to  3,000  parts  per  million,  depending  upon  the  fruit,  will  be  ab¬ 
sorbed.  Vegetables  may  be  sulfured  after  blanching  in  a  similar  manner 
or  by  dipping  into  or  spraying  with  sulfite  solution.  Sulfuring  helps  to 
maintain  an  attractive  light  color,  conser\'e  xitamin  C  and  perhaps  A, 
and  repel  insects;  it  also  kills  many  of  the  microorganisms  present. 


PROCEDURES  AFTER  DRYING 


The  procedures  after  drying  will  vary  with  the  kind  of  dried  food. 


Sweating 

Sweating  is  storage,  usually  in  bins  or  boxes,  for  equalization  of 
moisture  or  readdition  of  moisture  to  a  desired  level.  It  is  used  primarily 
with  some  dried  fruits  and  some  nuts  (almonds,  English  walnuts). 

Packaging 

Most  foods  are  packaged  soon  after  drying  for  protection  against  mois¬ 
ture,  contamination  with  microorganisms,  and  infestation  with  insects, 
although  some  dried  foods  (e.g.,  fruits  and  nuts)  may  be  held  as  long  as 
a  year  before  packaging. 

Pasteurization 


Pasteurization  is  limited,  for  the  most  part,  to  dried  fruits,  and  kills 
any  pathogens  that  might  be  present,  as  well  as  destroys  spoilage  organ¬ 
isms.  The  fruit  usually  is  pasteurized  in  the  package,  and  the  treatment. 
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varying  witli  the  fruit,  is  from  30  to  70  min  at  70  to  100  percent  relative 
humidity  at  150  to  185°F  (65.6  to  85°C). 


MICROBIOLOGY  OF  DRIED  FOODS 
Prior  to  Reception  at  the  Processing  Plant 

The  microbiology  of  foods  prior  to  their  reception  at  the  processing 
plant  is  likely  to  be  very  similar  whether  the  foods  are  to  be  dried, 
chilled,  frozen,  canned,  or  otherwise  processed.  Fruits  and  vegetables 
have  soil  and  water  organisms  on  them  when  harvested,  plus  their  own 
natural  surface  flora,  and  spoiled  parts  contain  the  microorganisms  caus- 
ing  the  spoilage.  Growth  of  some  of  these  organisms  may  take  place  be¬ 
fore  the  foods  reach  the  processing  plant  if  environmental  conditions 
permit.  Thus  piled  vegetables  may  heat  and  support  the  surface  grow  th 
of  slime-forming,  flavor-harming,  or  even  rotting  organisms.  Meats  and 
poultry  are  contaminated  by  soil,  intestinal  contents,  handlers,  and  ecpiip- 
ment.  Fish  are  contaminated  wdth  w^ater,  and  their  owm  slime  and  in¬ 
testinal  contents,  as  well  as  by  handlers  and  ecjuipment;  and  growth  may 
take  place  before  the  fish  reacli  the  processing  plant.  Eggs  are  dirtied  by 
the  hen,  the  nests,  and  the  handler  and,  unless  they  are  w^ell  and  promptly 
handled,  may  support  some  microbial  growth.  Milk  is  subject  to  con¬ 
tamination  from  the  time  of  its  secretion  by  the  cow  to  its  reception  at 
the  processing  plant  and  may  support  the  grow'th  of  some  low'-temper- 
ature  bacteria. 

In  the  Plant  Prior  to  Drvinff 

Grow'th  of  microorganisms  that  has  begun  on  foods  before  they  have 
reacht'd  the  drving  plant  mav  continue  in  the  plant  up  to  the  time  of  drv- 
ing.  .\lso  ecjuipmcnt  and  w^orkers  may  contaminate  the  food.  As  will  be 
noted,  some  of  the  pretreatments  reduce  numbers  of  organisms  and  others 
mav  increase  them,  but  the  foods  mav  be  contaminated  after  anv  of  these 
treatments. 

The  grading,  selection,  and  sorting  of  foods,  especially  those  like  fruits, 
vegetables,  eggs,  and  milk,  will  influence  kinds  and  numbers  of  micro¬ 
organisms  present.  The  elimination  of  spoiled  fruits  and  vegetables  or 
of  spoiled  parts  will  reduce  numbers  of  organisms  in  the  product  to  be 
dried.  The  rejection  of  cracked,  dirtv,  or  spoiled  eggs  .serves  a  similar 
purpose,  as  does  the  rejection  of  milk  that  does  not  conform  to  bacterio¬ 
logical  standards  of  fjuality. 

The  w'ashing  of  fruits  and  \'egetables  removes  soil  and  other  adhering 
matt'rials  and  serves  in  this  wav  to  remove  microorganisms.  There  also  is 
th(‘  possibilitv  of  the  addition  of  organisms  if  tlu'  water  is  of  poor  (juality; 
and  the  moisture  on  the  surface  mav  encourage  microbial  growth  if  op- 
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portiinity  is  given  for  it.  The  washing  of  eggs  may  prove  more  harmful 
tlian  helpful  unless  they  are  used  promptly,  for  the  moisture  aids  the 
penetration  of  the  shell  by  bacteria. 

The  peeling  of  fruits  or  vegetables,  especially  with  steam  or  lye,  should 
reduce  numbers  of  microorganisms,  since  the  majority  of  organisms  usu- 
allv  are  on  the  outer  surface.  Slicing  or  cutting  should  not  increase  num¬ 
bers  of  organisms,  but  will  do  so  if  equipment  is  not  adequately  cleansed 
and  sanitized. 

.\lkali  dipping,  as  applied  to  certain  fruits  before  sun  drying,  may  re¬ 
duce  the  microbial  population. 

The  blanching  or  scalding  of  vegetables  has  been  reported  to  reduce 
bacterial  numbers  greatly,  as  much  as  99  percent  in  some  instances.  Fol¬ 
lowing  blanching,  numbers  of  bacteria  may  build  up  because  of  con¬ 
tamination  from  equipment  and  opportunities  for  growth. 

Sulfuring  of  fruits  and  vegetables  also  causes  a  great  reduction  in 
numbers  of  microorganisms  and  serves  to  inhibit  growth  in  the  dried 
product. 

During  the  Drying  Process 

The  heat  applied  during  the  drying  process  causes  a  reduction  in  total 
numbers  of  microorganisms  that  varies  with  the  kinds  and  numbers  of 
organisms  originally  present  and  the  drying  process  employed.  Drving 
by  heat  usually  destroys  all  yeasts  and  most  bacteria,  but  spores  of  bac¬ 
teria  and  molds  usually  survive,  as  do  vegetative  cells  of  a  few  kinds  of 
heat-resistant  bacteria.  Freeze-drying  may  cause  little  reduction  in  num¬ 
bers  of  microorganisms  in  the  food. 

After  Drying 

If  the  drying  process  and  storage  conditions  are  adequate  there  will  be 
no  growth  of  microorganisms  in  the  dried  food.  Heath  reports  that  bac¬ 
teria  do  not  grow  below  18  percent  available  moisture;  yeasts  require  20 
percent  or  more  and  molds  require  13  to  16  percent  (see  Chapter  17). 
During  storage  there  is  a  slow  decrease  in  numbers  of  organisms,  more 
rapid  at  first  and  slower  thereafter.  The  microorganisms  that  are  resistant 
to  drying  will  survive  best;  therefore  the  percentages  of  such  organisms 
will  increase.  Especially  resistant  to  storage  under  dry  conditions  are  the 
spoies  of  bacteria  and  molds,  some  of  the  micrococci,  and  microbacteria. 
There  may  be  some  opportunity  for  contamination  of  the  dried  food  dur¬ 
ing  packaging  and  other  handling  subsequent  to  drying. 

Special  treatments  given  some  dry  foods  will  influence  microbial  num¬ 
bers.  The  “sweating”  of  dry  fruits  to  equalize  moisture  mav  permit  some 
microbial  growth.  Pasteurization  of  dry  fruits  will  reduce  numbers  of 
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microorganisms.  Some  products  are  repackaged  for  retail  sale,  figs  in  the 
Near  East,  for  example,  and  are  subject  to  contamination  then. 

Microbiology  of  Specific  Dried  Foods 

Dried  Fruits.  The  numbers  of  microorganisms  on  most  fresh  fruits 
range  from  comparatively  low  to  high,  depending  upon  pretreatments, 
and  on  most  dried  fruits  they  vary  from  a  few  hundred  per  gram  of  fruit 
to  thousands;  and  in  wliole  fruits  these  are  mostly  on  the  outer  surfaces. 
Spores  of  bacteria  and  molds  are  likelv  to  be  most  numerous.  When  part 
of  the  fruit  lias  supported  growth  and  sporulation  of  mold  before  or  after 
drying,  mold  spores  may  be  present  in  large  numbers. 

Dried  Ve timetables.  Microbial  counts  on  dried  vegetables  range  from 
negligible  numbers  to  millions  per  gram.^  The  numbers  on  the  vegetable 
just  before  drx'ing  may  be  high  because  of  contamination  and  growth 
after  blanching,  and  the  percentage  killed  by  the  dehydrating  process 
usuallv  is  less  than  with  the  more  acid  fruits.  If  drving  travs  are  im- 
properly  loaded,^  souring  of  such  vegetables  as  onions  or  potatoes  by 
lactic  acid  bacteria  with  marked  increase  in  numbers  of  bacteria  may 
take  place  during  the  drving  process.  The  risk  is  greater  with  onions  be¬ 
cause  they  are  not  blanched. 

The  microorganisms  on  dried  vegetables  are  chieflv  bacteria.  A  num¬ 
ber  of  investigators  have  listed  the  genera  of  bacteria  found  (summarized 
by  Vaughn^)  to  include  Escheriehia,  Aerohacter,  Achromohacter,  Bacil¬ 
lus,  Cdostridium,  Micrococcus,  Pseudomonas,  and  Streptococcus.  Vaughn^ 
found  Lactobacillus  and  Lcuconostoc  species  predominant  in  many  sam¬ 
ples  of  dehydrated  vegetables. 

Dried  Etras.  Dried  eggs  may  contain  from  a  few  hundred  microorgan¬ 
isms,  mostlv  bacteria,  per  gram  up  to  over  a  hundred  million,  depending 
upon  the  eggs  broken  and  the  methods  employed.  Since  the  contents  of 
fresh  eggs  of  good  qualitv  are  normally  free  of  microorganisms  or  include 
only  a  few,  dried  eggs  should  be  low  in  microbial  numbers.  However,  the 
inclusion  of  poorlv  washed  eggs,  those  that  have  been  permitted  to  sweat, 
dirty  and  cracked  eggs,  and  those  already  invaded  by  microorganisms 
may  add  large  numbers  of  organisms;  also  contamination  and  growth 
may  take  place  during  breaking  and  other  handling  prior  to  dic  ing.  The 
drying  process  may  reduce  numbers  ten-  to  a  hundredlold  but  still  per¬ 
mit  large  numbers  to  surv  ive.  A  v'ariety  of  kinds  of  organisms  has  lx*en 
found  in  dried  eggs,  including  micrococci,  streptococci,  coliforms,  spore- 
former.s,  and  molds.  When  egg  vv’hite  has  been  pretreated  by  a  fermenta¬ 
tion  process,  the  counts  on  the  dried  product  may  be  high.  Egg  yolk  is 
a  better  culture  medium  than  the  vvliite  and  is  likely  to  have  higher 
counts  at  breaking  and  to  support  growth  better  before  drying. 

‘  R.  FI.  Vaughn,  Fond  Research,  16:  •42^)— 438  ( 19.51). 
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Dried  Milk.  The  number  of  microorganisms  in  dry  milk  may  vary  from 
a  few  hundred  per  gram  to  millions,  depending  upon  the  milk  being 
dried  and  the  drying  process.  Roller  or  drum  drying  kills  more  organisms 
than  the  spray  process.  The  American  Dry  Milk  Institute  has  set  bac¬ 
terial  standards  (see  Appendix)  for  the  various  grades  of  whole  and  non¬ 
fat  diT  milk,  ranging  from  30,000  to  100,000  viable  bacteria  per  gram. 
The  predominant  kinds  of  organisms  in  dry  milk  are  thermoduric  strejDto- 
cocci  (like  Streptococcus  thernwphilus  and  S.  diirans),  micrococci,  spore- 
formers,  and  microbacteria  (Microhocferiiim  hcticum).  Recently  the 
United  States  Department  of  Agriculture  has  set  tentative  standards  for 
numbers  of  bacteria  in  nonfat  dry  milk  to  be  purchased  by  the  govern¬ 
ment,  as  estimated  by  direct  microscopic  clump  counts.  At  present  this 
count  should  not  be  over  300,000,000  per  gram  of  drv  milk,  but  this  limit 
probably  will  be  reduced  to  75,000,000  for  Extra  Grade  and  300,000,000 
for  Standard  Grade.  Most  of  the  bacteria  so  counted  are  not  ali\’e  but 
are  indicative  of  previous  growth  in  the  original  milk  or  during  the 
processing. 
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CHAPTER  10  Preservation  by  Preservatives 


PresemUives  have  been  defined  by  Jacobs  as  “chemical  agents  wliich 
serv'e  to  retard,  hinder,  or  mask  undesira])le  clianges  in  food.”  (For 
Federal  definition  see  Chapter  34.)  These  changes  may  be  caused  by 
microorganisms,  by  the  enzymes  of  food,  or  by  purely  chemical  reactions. 
The  inhibition  of  the  growth  and  activity  of  microorganisms  is  one  of 
the  main  purposes  of  the  use  of  preserv'atives  and  therefore  will  be  the 
chief  subject  of  discussion  here.  Preservatives  may  inhibit  microorgan¬ 
isms  by  interfering  with  their  cell  membranes,  their  enzvme  activity,  or 
their  genetic  mechanism.  Preservatives  also  may  be  used  as  antioxidants 
to  hinder  the  oxidation  of  unsaturated  fats,  as  neutralizers  of  acidity,  as 
stabilizers  to  prevent  physical  changes,  as  firming  agents,  and  as  coatings 
or  wrappers  to  keep  out  microorganisms,  prevent  loss  of  w^ater,  or  hinder 
undesirable  microbial,  enzymatic,  and  chemical  reactions.  The  ideal  pre¬ 
servative  is  constantly  being  sought  but  has  not  been  found:  one  that 
w'ould  be  harmless  to  the  consumer  and  efficient  in  its  preservative  action, 
and  would  not  cover  up  inferiority  of  the  food  or  add  undesirable  color, 
odor,  or  taste. 

In  addition  to  the  chemicals  added  to  foods  or  put  onto  them  or  around 
them  to  aid  in  tlieir  preservation,  there  are  many  chemicals  that  get  onto 
or  into  foods  during  production,  processing,  or  packaging.  Residues  of 
pesticides,  herbicides,  and  fungicides  on  fruits  and  vegetables,  of  deter¬ 
gents  used  in  washing  foods,  and  of  detergents  and  sanitizers  used  on 
utensils  and  equipment  are  likely  to  carrv'  o\'er  into  foods.  It  w'as  esti¬ 
mated  that  in  1951  there  w’ere  ov^er  7(X)  different  chemicals  that  were 
getting  into  or  onto  foods,  and  that  only  about  60  percent  of  these  were 
known  to  be  safe  as  used.  Consideration  is  being  given  to  amendments 
to  the  Federal  Food,  Drug,  and  Cosmetic  .\ct  to  improve  this  situation. 

The  food  preservatives  mav  be  divided  into  those  added  and  those 
developed  in  the  food  by  microbial  action. 
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ADDED  PRESERVATIVES 

Preservativ'es  added  to  inhibit  or  kill  microorganisms  may  be  classified 
on  various  bases,  such  as  their  chemical  composition,  mode  of  action, 
specificity,  effectiveness,  and  legality.  Some,  e.g.,  sugar,  are  effective  be¬ 
cause  of  their  physical  action,  others  because  of  their  chemical  action,  as 
with  sodium  benzoate,  and  others  because  of  a  combination  of  these 
effects,  as  with  sodium  chloride.  Some  preseiwatives  are  incorporated 
into  foods  and  usually  are  antiseptic  rather  than  germicidal,  while  others 
are  used  only  to  treat  outer  surfaces  and  may  kill  organisms  as  well  as 
inhibit  them.  Some  are  employed  to  treat  wrappers  or  containers  for 
foods,  while  others  are  used  as  gases  or  vapors  about  the  food.  Some 
have  been  incorporated  in  ice  used  to  chill  foods  like  fish.  Preservatives 
may  be  fairly  specific  against  microorganisms;  for  example,  they  may 
be  effective  against  molds  or  yeasts  and  less  so  against  bacteria,  or  vice 
versa,  and  may  act  against  definite  groups  or  species  of  bacteria  or  other 
organisms. 

Chemical  compounds  and  elements  used  as  preseix'ativ^es  may  be  di¬ 
vided  for  convenience  into  inorganic  and  organic  substances. 

Inorganic  Preservatives 

The  inorganic  preservatives  are  chiefly  inorganic  acids  and  their  salts, 
although  alkalies  and  alkaline  salts,  metals,  halogens,  peroxides,  and  gases 
also  fall  into  this  group. 

Inorganic  Acids  and  Tbeir  Salts.  Most  commonly  used  are  sodium 
chloride,  hypochlorites,  nitrates  and  nitrites,  sulfites  and  sulfurous  acid, 
and  boric  acid  and  borates. 

Sodium  chloride  is  used  in  brines  and  curing  solutions  or  is  applied 
directly  to  the  food.  Enough  may  be  added  to  slow  dowm  or  prevent  the 
growth  of  microorganisms  or  only  enough  to  permit  an  acid  fermentation 
to  take  place.  Salt  has  been  reported  to  have  the  following  effects:  (1) 
It  causes  high  osmotic  pressure  and  hence  plasmolysis  of  cells,  the  per¬ 
centage  of  salt  necessaiy  to  inhibit  growth  or  harm  the  cell  var^ng  with 
the  microorganism;  (2)  it  dehydrates  foods  by  drawing  out  and  tving 
up  moisture,  as  it  dehydrates  microbial  cells;  (3)  it  ionizes  to  yield  the 
chlorine  ion  which  is  harmful  to  organisms;  (4)  it  reduces  the  solubility 
of  oxygen  m  die  moisture;  (5)  it  sensitizes  the  cell  against  carbon  di¬ 
oxide;  (6)  it  interferes  with  the  action  of  proteolytic  enzymes.  The  ef- 

ectiveness  of  NaCl  yaries  directly  with  its  concentration  and  the  tem¬ 
perature. 

Hypoclilorites,  usually  of  calcium  or  sodium,  yield  liypoclilorous  acid 
a  powerful  oxidizing  agent,  and  are  effective  germicidal  agents;  but  their 


134 


Preservation  of  Foods 


effectiveness  is  reduced  by  the  presence  of  organic  matter  in  any  con¬ 
siderable  amount.  The  hypochlorites  are  used  in  the  treatment  of  water 
used  in  food  plants  for  drinking,  processing,  and  cooling  and  on  plant 
ecjuipment.  They  may  be  incorporated  in  ice  for  icing  fish  in  transit  or 
in  water  for  washing  the  exterior  of  fruits  or  vegetables.  Microorganisms 
are  harmed  by  oxidation  or  direct  chlorination  of  cell  proteins. 

Nitrates  and  nitrites  are  used  in  the  curing  of  meats,  primarily  to  fix 
a  desirable  red  color,  but  thev  mav  have  some  bacteriostatic  effect  in 
acid  solutions,  especially  against  anaerobes.  Nitrites  have  been  recom¬ 
mended  for  the  preser\'ation  of  fish.  Nitrates  raise  the  oxidation-reduction 
potential  and  therefore  are  favorable  to  aerobic  organisms  and  unfavor¬ 
able  to  anaerobic  ones.  Nitrites  reduce  the  oxidation-reduction  potential. 

Sulfur  dioxide  (sulfurous  acid)  and  sulfites  may  be  used  for  onlv  a 
limited  number  of  foods,  such  as  molasses,  fruits  and  fruit  juices,  and 
wines.  In  this  country  “sulfuring,”  or  treatment  with  sulfur  dioxide,  is 
applied  chiefly  to  dried  fruits,  and  there  the  main  purpose  is  the  con¬ 
servation  of  color  and  not  the  inhibition  of  microorganisms,  although 
>  molds  are  affected  more  readily  than  veasts  or  bacteria.  Potassium  pvro- 
sulfite  (metabisulfite)  is  emploved  as  a  source  of  SO2  in  canning  powders, 
and  liquid  sulfur  dioxide  is  added  to  the  musts  for  wine  manufacture  to 
inhibit  competing  microorganisms  and  hence  favor  the  wine  veasts.  Sul¬ 


fur  dioxide  is  effective  because  of  free  hvdrogen  ions  released  in  solution. 

Boric  acid  and  borates  still  are  used  in  some  countries  as  preservatives 
for  foods,  but  their  use  is  forbidden  in  the  United  States.  Powdered  boric 
acid  has  been  dusted  onto  foods,  meats,  for  example,  but  it  is  a  very  weak 
antiseptic  and  is  not  considered  healthful.  Borax  (sodium  tetraborate) 
has  been  used  to  wash  vegetables  and  whole  fruits,  such  as  oranges. 

Fluorides  are  considered  harmful  to  health,  and  their  use  as  preserva¬ 
tives  is  forbidden.  The  tolerance  for  fluorides  in  food  is  2  ppm,  according 
to  Food  and  Drug  Administration  regulations. 

Alkalies  and  Alkaline  Salts.  These  are  employed  chiefly  as  cleansing 
agents  or  detergents,  which  will  be  discussed  later.  Sodium  hydroxide 
solution  serves  as  an  antiseptic,  as  well  as  a  detergent,  when  milking 
machine  parts  and  other  ecjuipment  are  soaked  in  it.  Sodium  carbonate, 
sodium  metasilicate,  trisodium  phosphate,  and  the  polyphosphates  are 
examples  of  alkaline  salts.  Alkaline  agents  are  effective  antiseptics  be¬ 
cause  of  the  liberation  of  free  hydroxyl  ions  in  solution. 

Metals.  Heavy  metals  exert  an  antiseptic  or  germicidal  effect  on  micro¬ 
organisms  that  sometimes  is  teriiied  an  oligodynamic  action,  the  result, 
probably,  of  direct  combination  of  metal  with  cell  proteins.  Silver  is  the 
onlv  metal  that  has  been  recommended  for  use  in  foods.  In  the  ‘catadyn 
process,  silv’er  ions  are  rt'h'ased  iii  w'at(*r  from  a  silv('r  electrodt*  bv  ii 
weak  currt'iit.  D('p(Miding  upoji  the  conccaitration  of  silver,  microorgiin- 
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isms  may  be  only  inhibited  or  may  be  destroyed.  Some  workers  report 
that  yeasts  are  readily  affected  and  others  claim  the  reverse.  Aerohacter, 
Proteus,  and  Pseudomonas  species  and  intestinal  pathogens  have  been 
reported  most  sensitive,  lactics  fairly  sensitive,  and  most  yeasts  and  molds 
fairly  resistant.  The  catadvn  process  has  been  recommended  for  the 
treatment  of  drinking  water,  vinegar,  and  clarified  fruit  juices.  Silver- 
lined  fiasks  have  been  used  in  Germany  for  the  storage  of  clear  liquids 
in  the  belief  that  preservation  would  be  furthered. 

Halogens.  Water  for  washing  foods  or  equipment,  for  cooling,  for  ad¬ 
dition  to  some  products  (e.g.,  washing  of  butter),  and  for  drinking  may 
be  chlorinated  by  the  direct  addition  of  chlorine;  or  hvpochlorites  or 
chloramines  may  be  used.  Iodine-impregnated  wrappers  have  been  em¬ 
ployed  to  lengthen  the  keeping  time  of  fruits.  lodophors,  which  are  com¬ 
binations  of  iodine  with  nonionic  wetting  agents  and  acid,  are  being  used 
in  the  sanitization  of  dairy  utensils.  Halogens  kill  organisms  by  oxidation 
or  by  direct  combination  with  cell  proteins. 

Peroxides.  The  oxidizing  agent,  hydrogen  peroxide,  has  been  used  as 
a  preservative,  usually  in  conjunction  with  heat.  One  method  for  the 
pasteuiization  of  milk  iiiN'oK'es  the  addition  of  H2O2  and  the  use  of  a 
comparatively  low  heating  temperature.  Excess  peroxide  is  decomposed 
by  means  of  catalase.  Thennophiles  are  destroyed  in  the  processing  of 
sugar  by  a  combination  of  heat  and  H2O2.  Other  peroxides  are  used  in 
foods  but  not  for  the  prevention  of  microbial  grov^th. 

Gases.  Gas  storage  of  foods  has  been  mentioned  in  Chapter  8  in  con¬ 
nection  with  preservation  by  chilling  and  will  be  discussed  further  in  the 
chapters  on  the  preservation  of  specific  foods.  Most  often  used  is  carbon 
dioxide  in  combination  with  chilling.  Oxygen  or  air  under  pressure  has 
been  combined  with  chilling,  as  in  the  Hofius  process  for  milk.  Nitrogen 
IS  used  as  an  inert  gas  over  foods  that  should  not  be  exposed  to  air. 
Ozone  has  been  used  in  gas  storage;  and  ethylene  oxide  (an  organic  com¬ 
pound)  has  been  employed  in  the  treatment  of  spices,  and  with  activated 
hydrocarbons  in  the  preservation  of  fruits. 


Organic  Preservatives 

The  present-day  searcli  for  antiseptics,  germicides,  and  preservatives  is 
irected  mainly  toward  the  synthesis  of  organie  eompounds  for  tliese 
purposes.  In  recent  years  large  numbers  of  sucli  eompounds  Iiave  been 
introduced,  so  many  that  no  attempt  will  lie  made  to  present  even  a 
partial  list.  Most  of  these,  if  used  in  connection  with  foods,  are  emploved 
to  impregnate  food  wrappers,  are  applied  to  surfaces  to  remove  or  kill 
mierooiganisms,  or  are  in  the  form  of  a  vapor  or  gas  about  the  food  The 
mixture  of  most  of  them  with  the  food  would  not  be  permitted  Most  of 
the  substances  natural  to  foods  or  developed  in  them  during  fermentation 
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inav  be  added  if  the  amount  added  is  stated  clearly  on  the  label  of  the 
container.  These  substances  include  certain  organic  acids  lactic,  acetic, 
propionic,  and  citric,  for  example  constituents  of  wood  smoke  if  added 
by  smoking,  salt,  sugars,  spices,  and  ethyl  alcohol.  Compounds  that  may 
be  present  in  foods,  but  may  not  be  added  as  such,  include  oxalic,  ben¬ 
zoic  (in  some  states),  and  other  organic  acids,  some  of  the  alcohols,  and 
certain  aldehydes  and  ketones.  Formaldehyde  and  cresols  may  be  intro¬ 
duced  in  small  amounts  as  wood  smoke  but  may  be  added  in  no  other 
manner. 

Organic  Ackh  and  Their  Salts.  Lactic,  acetic,  propionic,  and  citric 
acids  or  their  salts  may  be  added  to  or  deyeloped  in  foods.  Their  develop¬ 
ment  in  foods  during  fermentation  will  be  discussed  in  a  following  sec¬ 
tion.  Citric  acid  is  used  in  sirups,  drinks,  jams,  and  jellies  as  a  substitute 
for  fruit  flayors  and  for  preserv^ation.  Lactic  and  acetic  acids  are  added 
to  brines  for  pickles  of  yarious  kinds,  green  ohVes,  etc.  Acetic  acid  and 
sodium  or  calcium  propionate  are  used  for  their  bacteriostatic  and  myco- 
static  properties  in  bread  and  cakes  and  on  cheese,  dried  fish,  and  other 


foods. 

Sodium  benzoate  (benzoic  acid)  is  a  “chemical  preseiwatiye  that  may 
be  added  legally  to  foods  in  the  United  States,  although  many  states  for¬ 
bid  its  addition.  Usually  about  0.1  percent  of  benzoate  is  added,  and  the 
addition  must  be  stated  plainly  on  the  package.  Sodium  benzoate  is 
relativ'^ely  ineffectiye  at  pH  yalues  near  neutrality,  and  the  elfectiv^eness 
increases  vyith  increase  in  acidity,  an  indication  that  benzoic  acid  is  the 
effectiye  agent,  presumably  the  undissociated  acid.  The  pH  at  \yhich 
benzoate  is  effectiye  is  in  itself  enough  to  inhibit  the  grow  th  of  most  bac¬ 
teria.  Some,  but  not  all,  of  the  yeasts  and  molds  are  inhibited,  hovyeyei, 
and  at  pH  leyels  that  \yould  otherwise  permit  their  growth.  Sodium  ben¬ 
zoate  has  been  used  in  catchup  (but  is  eliminated  by  present  standaids), 
oleomargarine,  fruit  juices,  jellies,  and  other  acid  foods,  and  benzoic  acid 

has  been  incoqiorated  in  ice  for  preserv  ing  fish. 

Salicylic  acid  and  salicylates  haye  been  used  considerably  as  food  pre¬ 
servatives  in  some  of  the  European  countries,  but  their  use  is  forbidden 
in  the  United  States.  They  are  comparable  to  benzoic  acid  and  benzoates 
in  effectiveness  but  are  supposedly  more  harmful  to  the  consumer.  Aspi¬ 
rin  (acetylsalicylic  acid)  has  been  used  by  home  canners  for  acid  foods, 

but  its  addition  is  not  recommended. 

Derivatives  of  acetic  acid,  such  as  monochloroacetic  acid  and  dehydro- 
acetic  acid,  have  been  recommended  as  preservatives  but  are  not  ap¬ 
proved  by  the  Food  and  Drug  Administration.  Dehydroacetic  acid  has 
been  used  to  impregnate  wrappers  for  cheese  to  inhibit  growth  of  molds. 

Sorbic  acid,  a  six'-carbon  «,^-unsaturated  fatty  acid,  is  being  used  as  a 
fungistatic  agent  for  foods,  especially  on  the  surfaces  and  in  the  wrappimi 
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materials  for  cut  cheese.  It  also  has  been  recommended  for  the  preserva¬ 
tion  of  sweet  pickles  and  for  the  control  of  the  lactic  acid  fermentation 
of  cucumbers  and  olives.  Organic  acids  exert  their  antiseptic  effect  by 
increasing  the  hydrogen-ion  concentration  in  foods,  but  probably  more 
iinpOTtant  is  the  concentration  of  undissociated  acid  present,  the  effect 
of  which  varies  with  the  kind  of  organic  acid.  Undissociated  benzoic  acid, 
for  example,  is  supposed  to  be  especially  effective. 

Formaldehyde.  The  addition  of  formaldehyde  to  foods  is  not  per¬ 
mitted,  except  as  a  minor  constituent  of  wood  smoke,  but  this  compound 
is  very  effective  against  molds,  bacteria,  and  viruses  and  can  be  used 
where  its  poisonous  nature  and  irritating  properties  are  not  objectionable. 
Thus  it  is  useful  in  the  treatment  of  walls,  shelves,  floors,  etc.,  to  elimi¬ 
nate  molds  and  their  spores.  Formaldehyde  probably  combines  with  free 
amino  groups  of  the  proteins  of  cell  protoplasm. 

Sugars.  Sugars,  such  as  glucose  or  sucrose,  owe  their  effectiv^eness  as 
preservatives  to  their  ability  to  tie  up  moisture,  thereby  making  it  un¬ 
available  to  organisms.  The  label  of  the  package  should  contain  a  state¬ 
ment  regarding  their  addition.  Examples  of  foods  preserved  by  means  of 
high  sugar  concentrations  are  sweetened  condensed  milk,  fruits  in  sirups, 
jellies,  and  candies. 

Alcohols.  Ethyl  alcohol,  a  coagulant  of  cell  proteins,  is  most  germicidal 
in  concentrations  between  50  and  70  percent  and  is  antiseptic  at  higher 
and  lower  concentrations.  Flavoring  extracts,  vanilla  and  lemon  extracts, 
for  example,  are  preserved  by  their  content  of  alcohol.  The  alcohol  con¬ 
tent  of  beer,  ale,  and  unfortified  wine  is  not  great  enough  to  prevent  their 
spoilage  by  microorganisms  but  limits  the  types  of  organisms  able  to 
grow.  Liqueurs  and  distilled  liquors  usually  contain  enough  alcohol  to 
ensure  freedom  from  microbial  attack.  Methvl  alcohol  is  poisonous  and 
should  not  be  added  to  foods;  the  traces  added  to  foods  by  smoking  are 
not  enough  to  be  harmful.  Glycerol  is  antiseptic  in  high  concentrations 
because  of  its  dehydrating  effect  but  is  unimportant  in  food  preservation. 
Propylene  glycol  has  been  used  as  a  mold  inhibitor  and  as  a  spray  to  kill 
air-borne  microorganisms. 

»  Antibiotics.  Recently  there  has  been  increasing  interest  in  the  possible 
use  of  antibiotics  as  preservatives  in  foods.  Most  of  the  better  known 
antibiotics  have  been  tested  on  raw  foods,  chiefly  proteinaceous  ones  like 
meats,  fish,  and  poultry,  in  an  endeavor  to  lengthen  their  storage  time  at 
chilling  temperatures.  A  number  of  workers  have  found  Aiireomycin 
( chlortetracychne )  among  the  best  of  the  antibiotics  tested  and  Terra- 
mycin  ( oxytetracycline )  almost  as  good  for  lengthening  the  time  of 
preservation  of  foods.  Some  success  also  is  claimed  with  bhloromvcetin 
(chloramphenicol).  Streptomycin,  neomycin,  polymyxin,  subtilin,' baci¬ 
tracin,  and  others  were  not  as  satisfactory,  and  penicillin  was  of  little  use. 
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Antihiotics  have  been  combined  with  mild  lieat  (205  to  212°F,  or  96.1 
to  100°C,  lor  5  to  40  min)  in  processing  various  canned  foods.  Most  of 
the  e.xperiments  have  been  with  subtilin,  but  Aureomycin,  Chloromycetin, 
lupulon,  gramicidin,  bacitracin,  streptomycin,  and  others  have  been  tried. 
Results  thus  far  have  indicated  that  although  spores  of  some  spoilage 
bacteria  are  destroyed  or  kept  from  germinating  by  this  process,  spores 
of  other  important  spoilage  bacteria  may  sur\’ive,  germinate,  and  cause 
spoilage.  The  heat  resistance  of  spores  of  flat  sour  bacteria,  for  instance, 
seems  to  be  lower  in  the  presence  of  subtilin,  but  the  resistance  of  spores 
of  the  dangerous,  toxin-forming  Clostridium  Jmttdinum  or  of  other  putre¬ 
factive  anaerobes  is  affected  little,  if  at  all.  It  is  evident  that  the  use  of 
antibiotics  in  canning  is  still  in  the  experimental  stage. 

Although  food  bacteriologists  realize  the  advantages  of  the  preserva¬ 
tion  of  raw  foods  by  means  of  a  nontoxic  antibiotic  or  the  use  of  one  in 
combination  with  reduced  amounts  of  heat  in  the  processing  of  canned 
foods,  they  raise  certain  questions  about  the  use  of  antibiotics  as  preserv¬ 
atives.  The  effect  of  an  antibiotic  on  microorganisms  is  known  to  v^arv 
with  the  species  or  even  with  the  strain  of  the  organism;  hence  the  anti¬ 
biotic  may  be  effective  against  some  spoilage  organisms  but  not  others 
or  against  part  of  the  population  in  a  culture  but  not  all  organisms. 
Organisms  are  known  to  be  able  to  adapt  themselves  to  increasing  con¬ 
centrations  of  antibiotic  so  that  new,  resistant  strains  may  dev'elop.  There 
also  is  the  possibilitv  that  other  organisms,  not  now  significant  in  food 
spoilage  but  resistant  to  the  antibiotie,  might  assume  new  importance  in 
food  spoilage.  There  also  may  be  effects  of  the  antibiotic  on  the  con¬ 
sumer,  such  as  his  sensitization  to  it,  changes  in  his  intestinal  flora,  and 
the  development  of  strains  of  pathogens  in  his  body  resistant  to  that 
antibiotic.  Therefore  it  has  been  recommended  that  the  antibiotics 
selected  for  use  in  food  preservation  be  other  than  those  being  used 
therapeuticallv  in  the  treatment  of  human  diseases.  Canners  believe  that, 
when  used  in  the  processing  of  canned  foods,  the  antibiotic  plus  the 
heat-treatment  must  destroy  all  spores  of  Clostridium  J)Ofulinum  and 
preferably  should  destroy  all  spoilage  organisms  and  their  spores.  If 
spores  are  not  killed,  the  antibiotic  must  remain  in  sufficient  concentra¬ 
tion  in  the  food  to  prevent  the  growth  of  sur\’i\’ing  organisms  (germina¬ 
tion  of  their  spores).  This  means  that  the  antibiotic  must  persist  in  bac¬ 
teriostatic  or  sporostatic  concentration  throughout  the  storage  life  of  the 
canned  food. 

Hc’cently  the  bactericidal  effect  of  edible  extracts  of  plants,  such  as 
carrot,  green  bean,  tomato,  and  celerv  plants,  has  been  combiried  with 
a  milder  heat-treatment  than  usual  to  destroy  various  bacteria  and  bac¬ 
terial  spores.  The  use  of  plant  extracts  in  this  manner  would  avoid  most 
of  the  jiroblems  just  discussed. 
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Until  recently  the  use  of  antibiotics  as  preservatives  for  foods  has  not 
been  permitted.  Now,  however,  the  Food  and  Drug  Administration  has 
approved  the  use  of  a  chlortetracycline  and  oxytetracycline  dip  for 
preserving  poultry,  setting  up  a  7-ppm  tolerance  in  the  uncooked,  dressed 
fowls.  This  quantity  of  antibiotic  has  been  shown  to  double  or  triple  the 
storage  life  of  the  poultry.  Apparently  approval  was  granted  because 
evidence  had  been  given  to  prove  ( 1 )  that  use  of  the  material  gives 
added  protection  to  the  consumer;  (2)  that  basic  sanitation  procedures 
are  not  replaced  because  of  the  method;  and  (3)  that  the  antibiotic  is  de¬ 
stroyed  during  cooking  of  the  poultrv,  lea\’ing  no  harmful  end  products. 

Wood  Smoke.  The  smoking  of  foods  usually  has  two  main  purposes:  to 
add  desired  flavors  and  to  aid  in  preservation.  Other  desirable  effects 
may  result,  however,  like  improvement  in  the  color  of  the  inside  of  meat 
and  in  the  finish,  or  “gloss,”  of  the  outside,  and  a  tenderizing  action  on 
meats.  The  smoking  process  aids  in  preservation  by  impregnation  of  the 
food  near  the  surface  with  chemical  preserv'atives  from  the  smoke,  bv 
combined  action  of  the  heat  and  these  preservatives  during  smoking,  and 
by  the  drying  effect,  especially  at  the  surface.  Commonly,  smoke  is  ob¬ 
tained  from  the  burning  wood,  preferably  a  hardwood  like  hickory,  but  it 
may  be  generated  from  burning  corn  cobs  or  other  materials.  Other  woods 
used  are  oak,  maple,  beech,  birch,  walnut,  and  mahoganv.  Sawdust  is 
added  to  the  fire  to  give  a  heavy  smudge.  Temperature  and  humidity 
are  controlled  at  levels  favorable  to  the  product  being  smoked,  and  the 
duration  of  smoking  depends  upon  the  kind  of  food.  Smoking  tempera¬ 
tures  for  meats  vary  from  43  to  71°C  ( 109.4  to  159. 8°F )  and  the  smoking 
period  from  a  few  hours  to  several  days. 

Wood  smoke  contains  a  large  number  of  volatile  compounds  that  differ 
in  their  bacteriostatic  and  bactericidal  effect.  Formaldehyde  is  consid¬ 
ered  to  be  the  most  effective  of  these  compounds,  although  other  alde¬ 
hydes,  organic  acids,  alcohols  (including  methanol),  ketones,  and 
phenolic  (creosote)  compounds  give  added  effects.  These  compounds 
sometimes  are  grouped  under  the  term  “pyroligneous  acid.”  As  would  be 
expected,  wood  smoke  is  more  effective  against  vegetative  cells  than 
against  bacterial  spores,  and  the  rate  of  germicidal  action  of  the  smoke 
increases  with  its  concentration  and  the  temperature  and  varies  with  the 
kind  of  wood  employed.  The  residual  effect  of  the  smoke  in  the  food  has 
been  reported  to  be  greater  against  bacteria  than  against  molds.  The 
concentration  of  mycostatic  materials  from  wood  sinoke  necessarv  to 
prevent  mold  growth  increases  with  a  rise  in  the  humiditv  of  the  at¬ 
mosphere  of  storage. 

The  application  of  “liquid  smoke,”  a  solution  of  chemicals  similar  to 
those  in  wood  smoke,  to  the  outside  of  foods  has  little  or  no  preservative 
eltect,  although  it  may  contrilnite  to  flavor. 
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Spices  and  Other  Condiments.  Spices  and  other  condiments  do  not  have 
any  marked  bacteriostatic  effect  in  the  concentrations  customarily  used 
but  may  aid  other  agents  in  tlie  prevention  of  the  growth  of  organisms 
in  food.  Different  lots  of  spice  v^ary  in  their  effectiv^eness,  depending 
upon  the  source,  the  freshness,  and  whether  they  have  been  stored  whole 
or  ground  up.  The  inhibitory  effect  of  spices  differs  with  the  kind  of 
spiee  and  the  microorganism  being  tested.  Mustard  flour  and  the  volatile 
oil  of  mustard,  for  example,  are  very  effective  against  Saccharomt/ces 
cerevisiae,  but  are  not  as  potent  against  most  bacteria  as  are  cinnamon 
and  cloves.  The  essential  oils  of  spices  are  more  inhibitor)^  than  the  cor¬ 
responding  ground  spices. 

Cinnamon  and  cloves,  containing  cinnamic  aldehyde  and  eugenol,  re¬ 
spectively,  usually  are  more  bacteriostatic  than  are  other  spices.  Ground 
peppercorn  and  allspice  are  less  inhibitorv  than  cinnamon  and  cloves, 
and  mustard,  mace,  nutmeg,  and  ginger  still  less.  Thyme,  bay  leaves, 
marjoram,  savory,  rosemary,  black  pepper,  and  others  have  only  weak 
inhibitory  power  against  most  organisms  and  may  even  stimulate  some, 
for  example,  yeasts  and  molds.  Fairlv  heavy  concentrations  of  the  more 
effective  spices  permit  mvcelial  growth  of  some  of  the  molds  but  inhibit 
the  formation  of  asexual  spores.  Of  the  oils  tested,  the  volatile  oil  of 
mustard  is  most  effective  against  yeasts;  oils  of  einnamon  and  cloves  are 
fairlv  effective  and  oils  of  thvme  and  bav  leaves  less  effective. 

Unless  spices  have  been  treated  to  reduce  their  microbial  content,  they 
mav  add  high  numbers  and  undesirable  kinds  of  microorganisms  to  foods 
of  which  they  are  ingredients. 

Other  plant  materials  used  in  seasoning  foods,  such  as  horse-radish, 
garlic,  and  onion,  may  be  bacteriostatic  or  germicidal.  Extracts  of  these 
plants,  as  well  as  of  eabbage  and  turnip,  have  been  shown  to  be  inhibi¬ 
tory  to  Bacillus  suhtilis  and  Fscherichia  coli.  Acrolein  is  supposedly  the 
activ'e  principle  in  onions  and  garlic,  and  butyl  thiocyanate  the  one  in 
horse-radish.  These  volatile  compounds  are  lost  from  the  condiment  on 
exposure  to  the  air,  with  a  corresponding  loss  in  bacteriostatic  properties. 

Other  Groupings  of  Chemical  Agents 

Oxidizintr  Agents.  Most  of  the  oxidizing  agents  employed  in  food  pres¬ 
ervation  have  been  mentioned  under  other  headings.  These  include 
peroxides,  bromine,  chlorine,  iodim',  hvpochlorites,  chloramines,  nitrates, 
and  ozone.  Oxidizing  agents  used  in  bleaching  flour,  oxides  of  nitrogen, 
chlorine,  nitrosvl  chloride,  nitrogen  trichloride,  and  benzoyl  peroxide 
mav  be  bacteriostatic  or  even  bactericidal,  but  that  is  not  the  reason  for 
their  addition. 

Cleansin^^  and  Sanitizinfr  Agents.  The  use  of  chemical  agents  for 
cleansing  and  sanitizing  ecjuipment  will  ho  discussed  in  C'hapter  32.  Most 
of  these  cluanicals  are  antiseptic  and  some  are  germicidal  in  the  concen- 
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trations  employed,  Init  their  main  function  in  food  preservation  is  to 
reduce  the  contamination  of  foods  with  microorganisms  from  the  equip¬ 
ment  contacted  by  these  foods.  There  should  not  be  enough  residual 
chemical  carry-over  into  the  food  to  be  of  any  significance  in  its  preserva¬ 
tion.  Some  of  these  chemicals  are  employed  to  remove  dirt  and  remove 
or  kill  microorganisms  on  the  outer  surfaces  of  some  foods,  e.g.,  fruits, 
vegetables,  and  eggs,  but  none  of  these  detergents  or  sanitizers  would  be 
incorporated  in  foods  as  preservatives. 

Fungistatic  and  Fungicidal  Agents.  It  has  been  mentioned  that  chem¬ 
ical  preservatives  may  be  grouped  on  the  basis  of  their  specificitv  for  cer¬ 
tain  microorganisms.  Considerable  attention  has  been  given  to  com¬ 
pounds  that  are  effective  against  molds  and  related  fungi.  Mycostats 
previously  mentioned  include  propionic  acid  and  propionates,  acetic 
acid,  dehydroacetic  acid,  monochloroacetic  acid,  sorbic  acid,  and  propvl- 
ene  glycol.  Of  these,  only  the  propionates  have  been  incorporated  in 
foods  to  any  great  extent  (in  bread  and  cakes,  for  example),  although 
sorbic  acid  is  being  used  increasingly.  Most  chemical  preservatives 
against  molds  have  been  applied  in  litpiid  form  to  the  outside  surfaces 
of  foods  or  used  as  a  vapor  about  them.  Fungistatic  paints  will  be  men¬ 
tioned  in  Chapter  32.  Examples  of  mycostatic  ehemicals  which  have  been 
tried  in  the  vapor  or  gaseous  form  about  foods  are  propylene  glvcol,  car¬ 
bon  dioxide,  methyl  bromide,  and  v'arious  derivatives  of  phenol.  Recom¬ 
mended  foi  impregnating  wrappers  for  foods  have  been  iodine,  sulfites, 
o-phenylphenol  or  sodium  o-phenylphenate,  biphenyl,  dimethylol-urea, 
and  many  other  substances.  A  large  number  of  compounds,  too  many  to 
list,  have  been  recommended  for  the  treatment  of  the  surfaces  of  fruits, 
vegetables,  eggs,  cheese,  meats,  and  fish.  These  compounds  range  from 
simple,  inorganie  ones  like  nitrites  and  sulfur  dioxide  (sulfurous  acid), 
through  organic  acids  (crotonic,  sorbic,  levulinic,  etc.)  and  esters  of 
oiganic  acids  (such  as  esters  of  vanillic  or  paraoxybenzoic  acid),  to  com¬ 
plex  phenolic  compounds.  Biphenyl  and  sodium  o-phenylphenate  plus 

ammonia,  for  example,  have  been  applied  to  citrus  fruits  to  reduce  funeal 
spoilage.  ® 

Regulatory  agencies— federal,  state,  and  municipal -are  verv  cautious 
aboiit  permitting  the  use  of  a  chemical  preservative  about  food  unless  it 
has  been  proved  to  be  harmless  to  human  health;  and  they  also  take  care 
lat  the  preservative  does  not  serve  to  cover  up  inferiority  in  the  (piality 
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Tlie  relative  importance  of  these  two  aims  varies  with  the  food  and  is 
difficult  to  evaluate.  Certainly  the  first  fermented  milks  and  sauerkraut 
were  empirical  discoveries  and  served  primarily  to  keep  milk  or  cabbage 
over  long  periods  of  storage;  but  a  taste  for  the  fermented  products  de¬ 
veloped,  and  they  now  are  made  as  much  for  their  palatabilitv  as  for 
their  keeping  qualitv. 

The  preservatives  produeed  in  foods  bv  microbial  action  are,  for  the 
most  part,  acids  (chiefly  lactie)  and  alcohol.  The  preservative  effect  of 
these  substanees  nearly  always  is  supplemented  by  one  or  more  other 
preservative  agents,  such  as  low  temperature,  heat,  anaerobic  conditions, 
sodium  chloride,  sugar,  or  added  acid. 

Developed  acidity  plays  a  part  in  the  preservation  of  sauerkraut, 
pickles,  green  olives,  fermented  milks,  cheese,  certain  sausages,  and  in 
various  fermented  foods  of  plant  origin.  Development  of  the  full  amount 
of  aciditv  from  the  sugar  available  may  be  permitted  in  the  pickle  and 
green-olive  fermentations,  or  the  fermentation  may  be  stopped  by  ehill- 
ing  or  canning  before  the  maximum  aciditv  is  attained  in  other  fermenta¬ 
tions,  such  as  that  for  fermented  milks  or  sauerkraut.  The  approximate 
aciditv  developed  in  some  of  these  products,  expressed  as  lactic  acid,  is 
sauerkraut,  1.7  percent;  salt-stock  or  dill  pickles  and  green  olives,  0.9 
percent;  and  fermented  milks,  0.6  to  0.85  percent.  The  acidity  of  cheese 
usuallv  is  expressed  in  terms  of  hydrogen-ion  concentration;  most  freshly 
made  cheeses  have  a  pH  of  about  5.0  to  5.2  and  become  more  alkaline 
during  curing. 

The  alcohol  content  of  beer,  ale,  and  fermented  fruit  juices  has  a  pre¬ 
servative  effect  but  was  not  produced  primarily  for  that  purpose. 
Li(|ueurs  and  distilled  li({uors,  for  the  most  part,  contain  enough  alcohol 
to  prev  ent  the  growth  of  most  microorganisms. 

The  microbiologv  of  the  fermentations  for  the  production  of  sauer¬ 
kraut,  cucumber  pickles,  and  green  olives  will  be  discussed  in  (.'hapter 
12  and  for  the  production  of  cheese  in  Chapter  16.  The  other  food  fer¬ 
mentations  will  be  described  in  Chapter  28. 
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CHAPTER  11  Preservation  by  Radiations 

and  by  Pressure 


In  their  search  for  new,  improved  methods  of  food  preservation,  in¬ 
vestigators  liave  paid  special  attention  to  the  possible  utilization  of 
radiations  of  various  frecpiencies,  ranging  from  the  low-fre(jneney 
electric  current  to  the  high-fre(jiiency  gamma  rays  (see  Figure  11-1). 
Much  of  this  work,  as  well  as  that  on  the  use  of  high  pressures  in 
the  preservation  of  foods,  has  not  advanced  beyond  the  experimental 
stage. 


RADIATIONS 

The  electromagnetic  spectrum,  showing  the  approximate  location  of 
various  types  of  radiations,  is  diagramed  in  Figure  11-1.  The  heating 
radiations,  which  include  such  low-frefjuency  radiations  as  electrical, 
sonic,  or  radio  waves,  depend  upon  electron  and  molecular  motion  to 
produce  heat  and  kill  microorganisms.  The  ionizing  radiations,  which 
include  such  higli-frecjuency  radiations  as  alpha,  beta,  and  gamma  radia¬ 
tions  from  radioactive  elements,  X  ravs,  cathode  ravs,  and  neutrons,  cause 
ionization  of  molecules  of  the  absorbing  materials  and  destroy  micro¬ 
organisms  without  raising  the  temperature  appreciably.  Therefore  steri¬ 
lization  by  means  of  these  ionizing  radiations  sometimes  is  termed 
“cold  sterilization.”  Ionizing  radiations  may  occur  in  the  form  of  high- 
energy  particles,  as  exemplified  bv  the  electrons  in  beta  or  catliode  rays, 
or  in  the  form  of  electromagnetic  waves,  such  as  X,  gamma,  or  ultra¬ 
violet  rays. 


HEATING  RADIATIONS 

Of  the  heating  radiations,  electrical,  sound,  and  radio  waves  have  been 
tried  in  food  preservation. 
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Electric  Currents 


Direct  currents  have  proved  unsuccessful  in  the  treatment  of  foods 
because  of  the  extensive  electrolytic  changes  produced,  hut  with  alternat¬ 
ing  currents  these  changes  are  of  minor  importance  compared  with  the 
heating  effect.  Heating  by  electric  current  has  the  advantage  that  it  is 
rapid  and  uniform  throughout  a  licjuid.  The  “Electropnre”  process  for 
the  pasteurization  of  milk  is  an  example  of  the  successful  application  of 
heat  by  means  of  a  low-frecjiiency  electric  current,  as  is  a  similar  treat¬ 
ment  of  fruit  juices.  The  continued  passage  of  an  alternating  electric  cur¬ 
rent  through  a  licpiid  mav  result  in  the  production  of  small  amounts  of 
ozone  and  chlorine,  which  may  aid  the  heat  in  killing  microorganisms. 


Alternating  currents  of  moderatelv  high  frecjuency  have  been  reported 
to  favor  microbial  growth  at  a  controlled  fav'orable  temperature.  Very 
high  (radio)  frecjiiencies  result  in  the  death  of  microorganisms,  the  effect 
being  due  primarily  to  the  heat  produced,  although  killing  effects  with¬ 
out  the  development  of  much  heat  have  been  claimed  but  not  proved. 
Experimentallv,  from  several  million  to  three  billion  cvcles  ( re\'ersals  of 
current)  per  second  have  been  tried  in  radio-frequency  heating,  but  be¬ 
tween  10  and  30  million  cvcles  per  second  are  most  often  recommended 
for  foods. 

Radio-freriiienci/  Heating.  When  a  nonconducting  material  is  placed 
between  two  metal  electrodes  and  a  rapidly  alternating,  high-\'oltage 
( radio-free juenev )  current  is  applied,  dielectric  heating  takes  place  uni¬ 
formly  and  internallv  bv  friction  losses  as  polar  molecules  try  to  align 
themselves  with  alternating  currents  at  the  electrodes.  In  most  foods  only 
part  of  the  heating  is  dielectric,  for  much  of  the  food  conducts  electricity 
and  therefore  induction  heating  results  because  of  changes  in  particle 
momentum  resulting  from  the  very  frecjuent  rev'ersals  of  potential  per 
second.  This  continuous  increase  in  translational  motion  results  in  an 
ef  juivalent  increase  in  kinetic  particle  energy  throughout  the  mass  of  food 
and  hence  in  a  rise  in  temperature.  The  combined  nonconductor-plus- 
conductor  heating  has  been  termed  dithermal  processing  of  the  food 
(and  also  has  been  called  “electronic  heating”).  The  heating  is  rapid  and 
uniform,  in  contrast  to  heating  by  steam,  wiiere  the  heat  must  penetrate 
slowly  to  the  center  of  the  food  from  the  overheated  outer  surfaces. 

Among  the  uses  of  dithermal  heating  in  the  food  industiies  are  de¬ 
hydration,  cooking,  baking,  melting,  roasting,  deinfestation,  defrostiiig, 
mold  inhibition  or  destruction,  and  blanching.  Use  of  the  method  for 
killing  microorganisms  in  foods  and  especially  for  sterilization  of  food  is, 
for  the  most  part,  in  the  experimental  stage.  Experimentally,  small  por¬ 
tions  of  a  varit'ty  of  foods  ha\’e  bt'en  succc'ssfully  treat('d  to  d(‘strt)y  all 
spoilage  orgatiisms.  Attempts  also  have  been  made  to  stc'rilize  canned 
foods  bv  dithermal  heating. 
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Although  dithermal  heating  is  being  used  successfully  for  processes 
that  require  only  moderate  heating,  such  as  deinfestation,  warming  of 
foods,  and  defrosting,  a  number  of  difficulties  are  encountered  in  at¬ 
tempts  to  destroy  the  microorganisms  in  a  food.  Such  difficulties  include 
( 1 )  undesirable  side  reactions,  such  as  oxidation  ( unless  in  inert  gas ) 
and  denaturation  of  proteins;  (2)  uneven  heating  of  different  parts  of 
the  food,  between  the  lean  and  fat  parts  of  meat,  for  example,  or  between 
the  sharp  edges  of  a  loaf  of  Boston  brown  bread  and  the  rest  of  the  loaf; 
(3)  the  drying  effect  at  high  temperatures  unless  the  foods  are  under 
pressure;  (4)  the  greater  resistance  of  enzymes  than  of  most  organisms; 
and  (5)  changes  in  the  color  and  structure  of  foods,  e.g.,  the  change  in 
the  color  of  meat  from  red  to  purple,  the  bleaching  of  strawberries  and 
carrots,  and  the  structural  breakdown  of  sliced  fruits  and  some  vege¬ 
tables.  Attempts  to  use  dithermal  heating  in  canning  have  demonstrated 
special  problems  such  as  (1)  uneven  heating  or  arcing  and  burning 
across  corners;  (2)  induced  heat  across  the  ends  of  cans,  which  are  good 
conductors;  (3)  the  development  of  high  pressures  in  cans,  residting  in 
distortion  or  blowing  of  the  can;  and  (4)  the  hindrance  of  dielectric 
heating  because  of  electrolytes,  e.g.,  NaCl,  in  the  food. 

Another  disadvantage  of  dithermal  heating  at  present  is  the  greater 
cost  as  compared  to  that  for  conventional  methods  of  heating. 

Sound  Waves 


Most  attempts  to  apply  sonic  waves  to  food  preservation  have  involved 
the  use  of  ultrasonic  frequencies,  that  is,  above  the  audible  range  (over 
20,000  cycles  per  second).  Most  of  the  killing  effect  of  sonic  vibrations 
on  microorganisms  is  supposed  to  be  the  result  of  the  heat  produced 
although  disruption  of  cells  and  especially  of  their  membranes  may  take 
place.  The  latter  effect  is  supposedly  caused  by  cavitation,  which  results 
from  large  differences  in  pressure  within  a  liquid  during  the  treatment. 
Bhysical  damage  to  foods,  destruction  of  vitamins,  and^lack  of  damage 
to  enzymes  have  been  listed  as  disadvantages  of  sonic  treatments  As  yet 
sound  waves  have  not  found  practical  use  in  food  preserN'ation,  although’ 

milk  has  been  pasteurized  by  this  method  and  cheese  ripening  has  been 
hastened,  both  experimentally.  ° 


IONIZING  RADIATIONS 
Kinds  of  Ionizing  Radiations 

citWl’f  ultraviolet,  X  or  gamma  rays, 

■  rode  or  beta  rays,  protons,  neutrons,  and  alplia  particll  NeutroL 

cmise  rad.oactrv.ty,  and  protons  and  alpha  particles  have  little  penetra- 
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Ultraviolet  rays,  which  are  just  beyond  the  blue  end  of  the  visible  light 
spectrum  (see  Figure  11-1),  are  contained  in  sunlight  and  are  made 
artificially  by  means  of  a  cjuartz-mercury-vapor  lamp  or  a  carbon  arc. 

X  rays  are  penetrating  electromagnetic  waves  which  are  produced  by 
the  bombardment  with  cathode  rays  of  a  heavy-metal  target  within  an 
evacuated  tube. 

Gamma  rays  are  like  X  rays  but  are  emitted  from  by-products  of 
atomic  fission  or  from  imitations  of  such  by-products.  Cobalt  60  and 
caesium  137  have  been  used  as  sources  of  these  rays  in  most  experimental 
work  thus  far. 

Beta  rays  are  streams  of  electrons  (beta  particles)  emitted  from  a 
radioactive  material.  Electrons  are  small,  negatively  charged  particles 
of  uniform  mass  that  form  part  of  the  atom.  They  are  deflected  by  mag¬ 
netic  and  electric  fields.  Their  penetration  depends  on  the  speed  with 
which  thev  hit  the  target  the  higher  the  charge  of  the  electron,  the 
deeper  will  be  its  penetration. 

Cathode  rays  are  the  streams  of  electrons  (beta  particles)  from  the 
cathode  of  an  evacuated  tube.  In  practice  these  electrons  are  accelerated 
bv  artificial  means. 

X  ravs,  then,  are  indistinguishable  from  gamma  rays;  and  beta  and 
cathode  rays  both  consist  of  moving  electrons. 


Definitions  of  Terms 

Before  the  utilization  of  ionizing  radiations  can  be  discussed,  a  few 
terms  must  be  defined. 

A  roentgen  (r)  is  the  Cjuantitv  of  gamma  or  X  radiation  which  pro 
duces  one  electrostatic  unit  of  electric  charge  of  either  sign  in  one  cubic 

centimeter  of  air  under  standard  conditions. 

A  roentgen-equivalent-phvsical  (rep)  is  the  (juantity  of  ionizing  energy 
which  produces,  per  gram  of  tissue,  an  amount  of  ionization  eijuivalent 
to  a  roentgen.  A  megarep  is  a  million  rep.  One  r  or  one  rep  is  eciuivalent 
to  the  absorption  of  ninety-three  ergs  per  gram  of  tis.sue  (100  for  a  rad). 

An  electron-volt  (ev)  is  the  energy  gained  by  an  electron  in  moving 
through  a  potential  diflerence  of  one  volt.  An  mev  is  a  million  electron 

volts.  .  , 

\i.  mov  tlien,  is  a  measure  of  tl>e  intensity  of  the  irradiation,  and  a 

rep  is  a  m^rsnre  of  tire  absorbed  energv-  that  is  effective  uitlrin  the  foo<l. 


Ultraviolet  Bays 

Of  the  vxirioiis  ionizing  radiations,  only  ultraviolet  rays  have  had  vvidt 
spread,  practical  use  in  the  food  industries  up  to  the  present 
whose  length  is  from  136  to  3900  angstroms  (1  angstrom,  or  A_(. 
millimicron)  are  termed  ultraviolet  rays  and  are  germicidal,  but  tliosc 
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between  2500  and  2800  A  are  especially  effective,  and  a  length  of  2650 
2660  A  is  most  germicidal. 

Germicidal  Lamps.  The  rays  from  commonly  used  quartz-mercury- 
vapor  lamps  are  mostly  at  2537  A,  but  spread  to  include  both  the  rays 
in  the  visible  range  and  those  in  the  erythemic  range,  which  have  an  ir¬ 
ritating  effect  on  skin  and  mucous  membranes.  The  lamps  available  vary 
in  size,  shape,  and  power.  Some  of  the  older  types  of  lamps  gave  off  ap¬ 
preciable  amounts  of  ozone,  but  the  newer,  cold-cathode  type  releases 
onlv  negligible  amounts,  so  that  there  is  less  than  0.1  ppm  in  the  air 
under  normal  conditions.  More  ozone  is  released  by  a  new  lamp  than  by 
one  that  has  been  used  for  several  days.  Lamps  weaken  continuously  as 
used  and  have  a  longer  effective  life  when  run  steadily  than  when  used 
intermittentlv. 

Factors  Influencing^  Effectiveness,  ft  should  be  emphasized  that  only 
direct  rays  are  effective,  unless  they  come  from  special  reflectors,  and 
even  then  their  effectiveness  is  reduced.  The  factors  that  influence  the 
effectiveness  of  ultraviolet  rays  are  as  follows:  (1)  Time.  The  longer  the 
time  of  exposure  at  a  given  concentration,  the  more  effective  will  be  the 
treatment.  (2)  Intensity.  The  intensitv  of  the  rays  upon  reaching  an  ob¬ 
ject  will  depend  upon  the  power  of  the  lamp,  the  distance  from  lamp  to 
object,  and  the  kind  and  amount  of  interfering  material  in  the  path  of  the 
rays.  Obviously  the  intensity  will  increase  with  the  power  of  the  lamp. 
Within  the  short  distances  common  in  industrial  uses,  the  intensities  of 
the  rays  vary  inversely  about  as  the  distance  from  the  lamp.  A  lamp  is 
about  100  times  as  effective  in  killing  microorganisms  at  5  in.  as  at  8  ft 
from  the  irradiated  object.  Most  tests  are  reported  for  a  distance  of  12  in. 
Dust  in  the  air  or  on  the  lamp  reduces  effectiveness,  as  does  too  much 
atmospheric  humidity.  Over  80  percent  relative  humiditv  definitelv  re¬ 
duces  penetration  through  the  air,  but  humidities  below  60  percent  have 
little  effect.  (3)  Penetration.  The  nature  of  the  object  or  material  being 
irradiated  has  an  important  influence  on  the  effectiveness  of  the  process. 
Penetration  is  reduced  even  by  clear  water,  which  also  exerts  a  protective 
effect  for  microorganisms.  Dissolved  mineral  salts,  especially  of  iron,  and 
cloudiness  greatly  reduce  the  effectiveness  of  the  rays.  Even  a  thin  layer 
of  fatty  or  greasy  material  cuts  off  the  rays.  There  is  no  penetration 
through  opaque  material.  3  herefore  the  rays  take  effect  only  on  the  outer 
surface  of  most  irradiated  foods  and  only  on  that  part  of  the  surface 
directly  e.xposed  to  the  lamp  and  do  not  penetrate  to  microorganisms  in¬ 
side  the  food.  The  lamps  do  serve,  however,  to  reduce  the  numbers  of 
viable  microorganisms  in  the  air  surrounding  foods. 

Effects  on  Man  and  Animals.  Gazing  at  an  ultraviolet  lamp  produces 
irritation  of  the  eyes  in  man  within  a  few  seconds,  and  longer  exposure 
of  the  skin  results  in  erythema,  or  reddening.  The  effect  on  animals  usu- 
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ally  is  not  as  marked,  although  the  eyes,  espeeially  ol  ehieks,  may  be 
irritated. 

Action  on  Microorganisms.  As  lias  been  stated,  the  intensity  of  the  rays 
when  they  reach  the  organism,  the  time  they  act,  and  the  location  of  the 
organism  determine  the  germicidal  effect.  Each  kind  of  microorganism 
has  a  characteristic  resistance  to  ultraviolet  irradiation  that  varies  with 
the  phase  of  growth  and  whether  it  is  in  the  vegetative  or  spore  state. 
It  takes  as  much  as  five  times  as  much  exposure  to  kill  v^egetative  cells 
of  some  bacteria  as  of  others,  but,  in  general,  the  killing  exposure  does 
not  differ  widely  among  different  species.  The  location  of  the  organism 
during  the  test  has  a  marked  influence.  For  example,  97  to  99  percent  of 
Escherichia  coli  organisms  in  air  were  killed  in  10  sec  at  24  in.  with  a 
15-watt  lamp;  but  20  sec  at  11  in.  was  necessary^  if  the  bacteria  were  on 
the  surface  of  an  agar  plate.  Capsulation  or  clumping  of  bacteria  in¬ 
creases  their  resistance.  Bacterial  spores  usually  take  from  two  to  five 
times  as  much  exposure  as  the  corresponding  vegetative  cells.  Some  types 
of  pigmentation  also  have  a  protective  effect.  Some  yeasts  are  killed  as 
easily  as  bacteria,  but  in  general  they  are  from  two  to  fixe  times  as  resis¬ 
tant.  The  resistance  of  molds  is  reported  to  be  from  ten  to  fifty  times  that 
of  bacteria.  Pigmented  molds  are  more  resistant  than  the  nonpigmented, 
and  spores  more  resistant  than  mycelium.  Pigmented  spores  are  more 
difficult  to  kill,  in  general,  than  nonpigmented  ones.  The  killing  effect  of 
ultrav'iolet  rays  usuallv  is  explained  by  the  “target  theory,  to  be  de¬ 
scribed  later  in  the  discussion  of  gamma  and  cathode  rays. 

Aj)j)Iications  in  the  Food  Industries.  The  use  of  ultrax  iolet  irradiation 
in  the  food  industries  will  be  discussed  in  connection  with  the  preserva¬ 
tion  of  specific  foods.  Examples  of  the  successful  use  of  these  rays  in¬ 
clude  treatment  of  water  as  for  bev'erages;  aging  of  meats;  treatment  of 
knives  for  slicing  bread;  treatment  of  bread  and  cakes;  packaging  of 
sliced  bacon;  sanitizing  of  eating  utensils;  prevention  of  growth  of  film 
yeasts  on  pickle,  vinegar,  or  sauerkraut  x’ats;  killing  of  spores  on  sugar 
crx'stals  and  in  sirup;  storage  and  packaging  of  cheese;  prevention  of 
mold  growth  on  walls  and  shelv^es;  and  treatment  of  air  for  or  in  storage 
and  processing  rooms. 

X  Havs 

X  rays,  gamma  ravs,  and  cathode  rays  are  eciually  effective  in  steriliza¬ 
tion  for  equal  (juantities  of  energy  absorbed,  but  X  rays  and  gamma  ra\s 
have  good  penetration,  while  cathode  rays  have  comparatively  poor  pem- 
tration.  The  greatest  drawback  at  present  to  the  use  of  X  rays  in  h^od 
preserx’ation  is  the  low  c'fficiencv  in  their  production,  for  onl\  about  3  to 
5  percent  of  the  electron  energv’  applied  is  used  in  the  production  of 
X  ravs.  For  this  reason  most  recent  research  has  been  on  the  application 
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of  gamma  rays  and  cathode  rays.  Since  X  rays  and  gamma  rays  are  in¬ 
distinguishable,  the  following  section  on  the  application  and  effects  of 
gamma  rays  is  equally  applicable  to  X  rays. 

Gamma  Rays  and  Cathode  Rays 

Since  these  two  types  of  rays  are  ecjually  effective  in  sterilization  for 
equal  quantities  of  energy  absorbed  and  apparently  produce  similar 
changes  in  the  food  being  treated,  they  will  be  discussed  together  and 
compared  where  possible. 

Sources.  Chief  sources  of  gamma  rays  are  ( 1 )  radioactive  fission  prod¬ 
ucts  of  uranium,  (2)  the  coolant  circulated  in  nuclear  reactors,  and  (3) 
other  fuel  elements  used  to  operate  a  nuclear  reactor.  Cathode  ravs  usu¬ 
ally  are  taken  from  the  cathode  of  an  evacuated  tube  and  accelerated 
by  special  electrical  devices.  The  greater  this  acceleration  (i.e.,  the  more 
mev),  the  deeper  will  be  the  penetration  into  the  food. 

Penetration.  Camma  rays  have  good  penetration,  but  their  effectiveness 
decreases  exponentially  with  depth.  Thev  have  been  reported  to  be  ef¬ 
fective  at  about  5.5  in.  in  most  foods,  but  this  depth  will  depend  upon 
the  time  of  exposure.  Cathode  rays,  on  the  other  hand,  hav^e  poor  pene¬ 
tration,  being  effective  at  only  about  %  in.  ]:)er  mev  when  “cross-firing” 
is  employed,  that  is,  irradiation  from  opposite  sides.  The  absorption  dose 
level  in  a  material  is  not  a  uniformly  decreasing  fraction  with  depth  but 
rather  builds  up  to  a  maximum  at  a  depth  equal  to  about  one-third  of 
the  total  penetration,  then  decreases  to  zero. 

Efficiency.  Because  cathode  rays  are  directional,  they  can  be  made  to 
hit  the  food  and  therefore  be  used  with  greater  efficiency  than  gamma 
rays,  which  are  constantly  being  emitted  in  all  directions  from  the  radio¬ 
active  source.  Various  estimates  of  the  ma.ximum  efficiency  of  utilization 
of  cathode  rays  range  between  40  and  80  percent,  depending  upon  the 
shape  of  the  irradiated  material,  but  only  a  maximum  of  10  to  25  percent 
utilization  efficiency  is  estimated  for  gamma  rays.  Radioactive  sources  of 
gamma  rays  decay  steadily  and  hence  weaken  with  time. 

Safety.  The  use  of  cathode  rays  presents  fewer  health  problems  than 
of  gamma  rays  because  the  cathode  rays  are  directional  and  less  pene¬ 
trating,  can  be  turned  off  for  repair  or  maintenance  work,  and  present 
no  hazard  of  radioactive  materials  after  a  fire,  explosion,  or  other  catas¬ 
trophe.  Gamma  rays  are  emitted  in  all  directions,  are  penetrating,  are 
continuously  emitted,  and  come  from  radioactive  sources.  Gamma  ravs 
require  more  shielding  to  protect  workers.  Tests  thus  far  on  animals  and 
human  volunteers  have  not  indicated  any  ill  effects  from  eating  irradiated 
foods,  but  tests  on  toxicity  of  the  foods  still  are  in  progress.  ^ 

Effects  on  Microorganisms.  The  bactericidal  efficaev  of  a  given  dose 
of  irradiation  depends  upon: 
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1.  The  kind  and  species  of  organism.  The  importance  of  this  factor  is 
illustrated  by  the  data  in  Table  11-1. 

2.  The  numbers  of  organisms  (or  spores)  originally  present.  The  more 
organisms  there  are,  the  less  effective  will  be  a  given  dose. 

3.  The  composition  of  the  food.  Some  constituents,  e.g.,  proteins  or 
reducing  substances,  may  be  protective.  Products  of  ionization  may  be 
harmful  to  the  organisms. 

4.  The  presence  or  absence  of  oxvgen.  The  effect  of  free  oxygen  varies 
with  the  organism,  ranging  from  no  effect  to  sensitization  of  the  organ¬ 
ism.  Undesirable  “side  reactions,”  to  be  discussed  later,  are  likely  to  be 
intensified  in  the  presence  of  oxygen  and  be  less  in  a  vacuum  or  an 
atmosphere  of  nitrogen. 

5.  The  physical  state  of  the  food  during  irradiation.  Both  moisture  con¬ 
tent  and  temperature  affect  different  organisms  in  different  wavs. 

6.  The  condition  of  the  organisms.  Their  age,  temperature  of  growth 
and  sporulation,  and  their  state — vegetative  or  spore — may  affect  the 
sensitivity  of  the  organisms.  These  factors  have  been  discussed  previously 
in  connection  with  other  methods  of  processing  foods. 

The  type  of  irradiation  and,  within  limits,  the  pfl  of  the  food  seem  to 
have  little  influence  on  the  dose  needed  to  inactivate  the  organisms. 

It  has  been  stated  bv  some  workers  that  the  resistance  of  a  given 
species  of  microorganisms  to  ionizing  radiations  parallels,  in  general,  its 
resistance  to  conv^entional  heat  processing,  although  there  are  notable 
exceptions.  Spores  of  Clostridium  Iwtidinum,  for  example,  have  been 
found  to  be  more  resistant  to  gamma  rays  than  spores  of  a  flat  sour  bac¬ 
terium  (No.  1518)  and  a  thermophilic  anaerobe  (T.A.  No.  3814),  al¬ 
though  the  latter  two  are  the  more  heat-resistant.  Table  11-1  summarizes 
reports  from  various  sources  on  the  ap]')roximate  dosages  of  radiations 
necessary  to  kill  various  types  of  microorganisms.  These  figures  will  vary 
with  the  conditions  listed  in  the  preceding  paragraph.  It  is  to  be  noted, 
howev'er,  ( 1 )  that  man  is  much  more  sensitix'e  to  radiations  than  are 
microorganisms;  (2)  that  bacterial  spores  are  considerably  more  resistant 
than  vegetative  cells;  (3)  that  Gram-negative  bacteria  are,  in  general, 
less  resistant  than  Gram-positive  ones;  and  (4)  that  yeasts  and  molds 
vary  considerably,  but  some  are  more  resistant  than  most  bacteria.  Note 
Candida  knisei  in  Table  11-1,  which  is  as  resistant  as  many  bacterial 
spores.  Many  workers  report  having  sterilized  foods  with  2.5  megarep  of 
radiation,  but  as  much  as  4  megarep  has  been  found  necessary  at  times. 
For  unknown  reasons  certain  microorganisms  may  be  much  moie  resist¬ 
ant  than  anticipated.  Thus,  for  example,  a  radiatioti-resistant  micrococcus, 
resembling  Micrococcus  roscus,  has  been  found  in  irradiated  meat.  This 
coccus  survived  6  megarep  on  agar  slopes,  being  more  resistant  than  any 
bacterial  spores  tested.  Microhactcrium  species  in  meat  have  been  found 
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to  be  especially  resistant.  There  is,  then,  the  possibility  that  resistant 
strains  may  hnild  up  on  irradiated  foods. 

Preliminary  gamma  irradiation  of  bacterial  spores  has  been  found  to 
make  them  more  sensitive  to  heat,  but  preliminary  heat  shocking  did  not 
affect  the  lethal  action  of  subsc(|uent  gamma  irradiation. 

It  is  supp()sed  that  irradiated  microorganisms  are  destroyed  bv  passage 
of  an  ionizing  particle  or  (juantum  of  energy  through,  or  in  close  prox¬ 
imity  to,  a  sensitive  portion  of  the  cell,  causing  a  direct  “hit”  on  this 
target,  ionization  in  this  sensitive  region,  and  death  of  the  organism  ( this 
is  called  the  “target  theory”).  It  is  assumed,  also,  that  part  of  the  germi¬ 
cidal  elfect  results  from  ionization  of  the  surroundimis  to  yield  free 
radicals,  some  of  which  may  be  oxidizing  or  reducing  and  therefore  help¬ 
ful  in  the  destruction  of  the  organisms. 

Effects  on  Foods.  Radiation  doses  heavy  enough  to  elfect  sterilization 
have  been  found  to  produee  undesirable  “side  reactions,”  or  secondary 
changes,  in  many  kinds  of  foods,  causing  undesirable  colors,  odors,  tastes, 
and  even  physical  properties.  Greatest  promise  of  successful  sterilization 
at  the  present  time  is  with  fresh  and  smoked  pork  products,  baked  beans, 
sweet  potatoes,  brussels  sprouts,  green  beans,  prunes,  raisins,  chicken, 
organ  meats,  and  some  kinds  of  fish.  Less  promising  are  beef,  lamb,  milk 
and  milk  products,  eggs,  some  seafood,  and  certain  fruits  and  vegetables. 
Special  methods  are  being  investigated  for  minimizing  these  side  effects: 

(1)  removal  of  oxygen;  (2)  irradiation  of  foods  in  the  frozen  state,  or 
at  least  at  reduced  temperatures;  (3)  addition  of  free  radical  acceptors, 
e.g.,  ascorbic  acid  to  counteract  oxidation;  (4)  reduction  of  the  moisture 
content;  and  (5)  concurrent  radiation  and  vacuum  distillation,  as  with 
milk. 

Some  of  the  changes  produced  in  foods  by  sterilizing  doses  of  radiation 
include  (1)  in  meats,  a  rise  in  pll,  destruction  of  glutathione,  and  in¬ 
crease  in  carbonyl  compounds,  hydrogen  sulfide,  and  methyl  mercaptan; 

(2)  in  fats  and  lipidcs,  destruction  of  natural  antioxidants,  oxidation  fol¬ 
lowed  bv  partial  polymerization,  and  increase  in  carbonyl  compounds; 

(3)  in  vitamins,  some  destruction  in  most  foods  of  thiamine,  ascorbic 
acid,  pyridoxine,  riboflavin,  niacin,  and  vitamins  A,  D,  and  K.  On  the 
other  hand,  destruction  of  many  of  the  food  enzymes  requires  five  to  ten 
times  the  dosage  of  rays  needed  to  kill  all  of  the  microorganisms,  so  that 
enzyme  action  may  continue  after  all  microorganisms  have  been  de¬ 
stroyed,  unless  a  special  blanching  treatment  has  preceded  irradiation. 
The  lower  the  dosage  of  irradiation,  of  course,  the  less  will  be  the  unde¬ 
sirable  effects  on  the  food. 

Apfylications.  Ionizing  radiations  are  being  applied  successfully  to  the 
killing  of  insects  and  their  eggs  in  foods  and  the  destruction  of  trichinae 
(see  Cdiapter  30)  and  liver  fluke  larvae  in  meats.  PAperiments  also  have 
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shown  that  packaging  materials  can  be  sterilized  by  irradiation;  that 
partial  or  complete  sterilization  of  the  surfaces  of  a  number  of  foods, 
such  as  fruits,  vegetables,  baked  goods,  meats,  etc.,  where  spoilage  usu¬ 
ally  begins  at  the  surface,  can  be  accomplished  without  deterioration  of 
the  food;  and  that  less  irradiation  than  that  needed  to  sterilize  foods  can 
be  used  in  combination  with  other  preservative  methods,  such  as  refriger¬ 
ation,  heating,  drying,  and  addition  of  chemicals,  to  extend  the  storage 
life  of  foods.  It  also  can  be  used  for  the  selective  inactivation  of  specific 
pathogens,  e.g..  Salmonella  in  egg  products.  The  Quartermaster  Corps 
of  the  United  States  Army  is  planning  to  construct  an  Army  Ionizing 
Radiation  Center  to  process  foods  on  a  large  scale  with  both  gamma  and 
cathode  rays. 

Most  people  in  food  industries  appear  to  believe  that  the  utilization 
of  ionizing  radiations  for  the  sterilization  of  packaged  foods  is  some  years 
in  the  future,  but  that  the  use  of  such  rays  for  “pasteurizing”  treatments 
to  lengthen  the  storage  life  of  foods  to  be  preserved  also  by  chilling, 
freezing,  drying,  heating,  or  adding  antibiotics  or  other  ehemicals  is  in 
the  not  too  distant  future.  Low  dosages  ( 20, ()()()  to  500,(K)0  rep )  have 
been  shomi  to  give  four-  to  tenfold  extension  of  shelf  life  of  various 
meats,  fish,  fruits,  vegetables,  and  baked  goods.  Of  course  economic  con¬ 
siderations  will  determine  how  and  wliether  the  ionizing  radiations  will 
be  utilized,  after  metliods  for  their  use  have  been  improved.  At  present, 
irradiation  costs  more  than  other  preser\’ative  methods. 


MECHANICAL  PRESSURE 

High,  mechanically  produced  air  pressures  will  kill  microorganisms 
and  inactivate  enzymes,  and  subletlial  pressures  will  affect  growth  and 
metabolism  of  organisms.  Pressures  are  expressed  as  pounds  per  scjuare 
inch  (psi)  or  atmospheres,  1  atmosphere  equaling  14.7  psi.  A  pressure 
of  6,000  atmospheres  for  45  min  has  been  found  to  kill  many  of  the  non- 
sporulating  bacteria,  but  20,000  atmospheres  did  not  kill  bacterial  spores. 
Sudden  release  of  high  pressures  has  an  added  germicidal  effect.  Hite 
and  coworkers  at  the  West  Virginia  Experiment  Station  tried  high  pres¬ 
sures  in  the  preservation  of  fruits  and  fruit  juiees  and  used  pres¬ 
sures  up  to  100,000  psi  (about  6,800  atmospheres).  A  pressure  of  60,000 
to  80,000  psi  preserved  apple  juice  for  5  years,  but  inconsistent  results 
were  obtained  with  berries.  It  was  concluded  that  results  were  uncertain 
and  mechanical  difficulties  great  with  this  method  of  preservation. 

More  success  has  been  attained  by  the  use  of  gases  under  pressure.  In 
the  Hofius  method  for  preserving  milk,  the  normal  gases  are  removed  bv 
bublfimg  oxygen  througli  the  milk.  Then  the  milk  is  stored  at  8°C 
(46.4°F)  or  lower  under  an  o.xygen  pressure  of  8  atmospheres  or  liigher. 


Preservation  of  Foods 

This  method  has  been  reported  to  lengtlien  the  keeping  time  of  milk  to 
4  weeks  or  longer.  The  process  has  been  used  to  some  extent  in  Europe 
but  not  in  this  country.  Carbon  dioxide  under  a  pressure  of  about  114  psi 
(7.7  atmospheres)  at  59°F  ( 15°C)  has  been  used  to  preserve  grape  juice 
until  it  could  be  sterilized  by  filtration.  Chargt^d  soft  drinks  contain 
carbon  dioxide  under  pressure  and  keep  better  for  that  reason. 
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CHAPTER  12  Preservation  of  Cereals,  Sugars, 

Vegetables,  and  Their  Products 


PRESERVATION  OF  CEREALS  AND  CEREAL  PRODUCTS 

Most  cereals  and  cereal  products  have  such  a  low  moisture  content  that 
little  difficulty  is  encountered  in  the  prevention  of  the  growth  of  micro¬ 
organisms  as  long  as  the  foods  are  kept  dry.  Such  materials  are  stored  in 
hulk  or  in  eontainers  so  as  to  keep  out  vermin,  especially  insects  and 
rodents,  resist  fire,  and  avoid  rapid  ehanges  in  temperature  and  hence 
increase  in  moisture.  A  storage  temperature  of  about  40  to  45°F  (4.4  to 
7.2°C)  is  recommended  for  the  dry  products.  Many  bakery  products, 
e.g.,  breads,  rolls,  cakes,  pastries,  pies,  and  canned  mixes,  eontain  enough 
moisture  to  be  subject  to  spoilage  unless  speeial  preservative  methods 
are  employed  or  turnover  is  rapid. 

Asepsis 

As  in  other  food  industries,  the  adequate  cleansing  and  sanitization  of 
equipment  is  essential  for  reasons  of  both  sanitation  and  preservation. 
Improperly  sanitized  equipment  may  be  a  source  of  rope  bacteria  (see 
Chapter  18)  and  the  acid-forming  bacteria  that  cause  sourness  of  doughs. 
Bread,  cakes,  and  other  baked  goods  that  may  be  subject  to  spoilage  by 
molds  should  be  protected  against  contamination  with  mold  spores.  Pro¬ 
tection  of  bread  is  especially  important.  The  bread  leaves  the  oven  free 
of  live  mold  spores  and  should  be  cooled  promptly  in  an  atmosphere 
free  of  them,  sliced  with  sporefree  knives,  and  wrapped  without  delay. 

Use  of  Heat 

Bakery  products  may  be  sold  unbaked,  partially  baked,  or  fully  baked. 
The  eomplete  baking  process  ordinarily  destroys  all  bacterial  cells,  yeasts, 
and  mold  spores  but  not  spores  of  the  rope  bacteria  or  other  bacteria! 
Unbaked  or  partially  baked  products  usually  are  kept  on  the  retailer’s 
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shell  lor  only  u  short  period  or  are  kept  cool  during  longer  storage.  Some 
special  breads,  e.g.,  Boston  brown  bread  or  nut  bread,  hav'e  been  success¬ 
fully  canned. 

Use  of  Low  Temperatures 

.\lthough  ordinary  room  temperatures  are  used  bv  most  housewiv'es 
for  the  storage  of  baked  goods,  keeping  times  conld  be  lengthened  and 
risk  of  food  poisoning  lessened  if  really  warm  temperatures,  such  as  those 
of  hot  kitchens  or  summer  weather,  were  avoided  and  the  foods  were 
stored  in  a  cool  place,  or  ev^en  in  the  refrigerator. 

The  Ireezing-storage  of  bakery  goods  is  on  the  increase.  Unbaked  or 
partially  baked  products,  \\’affles,  cheese  cake,  ice-cream  pic,  fish,  poultr\', 
and  meat  pies  now  often  are  frozen.  Bread  and  rolls  can  be  stored  suc¬ 
cessfully  for  months  in  the  frozen  condition. 

Use  of  Chemical  Preservatives 

Sodium  and  calcium  propionates  (0.1  to  0.3  percent  of  the  weight  of 
the  flour)  are  used  routinely  by  many  bakers,  mostly  in  bread  but  some¬ 
times  in  other  products,  to  delay  or  prevent  mold  growth  and  ropiness. 
Sorbic  acid  has  been  recommended  as  a  substitute  for  propionate.  Acidi¬ 
fication  of  the  dough,  usually  with  acetic  acid,  has  been  employed  to 
combat  rope. 

Use  of  Radiations 

In  bakeries,  ultraviolet  ravs  have  been  used  to  destrov  or  reduce  num- 
bers  of  mold  spores  in  dough  and  proof  rooms,  on  the  kni\  es  of  slicing 
machines,  in  the  room  where  the  bread  is  packaged,  and  on  the  surface 
of  bread,  cakes,  and  other  baker\^  products.  The  application  of  radio- 
frecjuency  radiations  to  loaves  of  bread  to  rt'duce  the  likelihood  of  mold 
spoilage  has  been  reported,  and  ionizing  radiations,  gamma  and  cathode 
rays,  have  been  applied  experimentally  for  the  preservation  of  baked 
goods. 


PRESERVATION  OF  SUGAR  AND  SUGAR  PRODUCTS 

Like  cereals,  sugars  normallv  have  a  moisture  content  so  low  that 
microorganisms  cannot  "row.  Onlv  when  moisture  has  been  absorbed  is 
there  anv  chance  for  microbial  spoilage.  Storage  conditions  should  be 
such  that  vermin  are  kept  ont  and  the  sugar  remains  dry.  The  recom¬ 
mended  storage  temperatnrc  is  similar  to  that  for  cereals. 

During  the  mannfacture  of  raw  sugar  and  the  snbse(juent  refining 
prf)cess  the  numbers  of  microorganisms  pres(Mit,  which  may  have  been 
large  during  extraction  from  cane  or  sugar  beet,  are  reduct'd  by  most 
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subsequent  proeesses  sueh  as  elarifieation,  evaporation,  erystallization, 
centrifugation,  and  filtration.  Special  treatments  to  reduce  numbers  and 
kinds  of  organisms  may  be  given  during  refining  when  the  sugar  is  to  be 
used  for  a  special  purpose,  such  as  for  soft  drinks  or  canning.  Care  is 
taken  to  avoid  build-up  of  organisms  and  their  spores  during  processing, 
and  numbers  mav  be  reduced  by  irradiation  with  ultraviolet  rays  or  com¬ 
bined  action  of  heat  and  hvdrogen  peroxide. 

Because  of  their  high  sugar  concentration  most  candies  are  not  subject 
to  microbial  spoilage,  although  soft  fillings  of  chocolate-covered  candies 


may  support  the  growth  of  microorganisms.  The  bursting  of  chocolates  is 
prevented  bv  means  of  a  uniform  and  fairly  heavv  chocolate  coating  and 
use  of  a  fondant  or  other  filling  that  will  not  permit  the  groveth  of  gas- 
formers. 

Sirups  and  molasses  usuallv  have  undergone  enough  heating  to  destroy 
most  microorganisms,  but  should  be  stored  at  cool  temperatures  to  pre¬ 
vent  or  slow  down  chemical  changes  and  microbial  gro\\th.  Some  mo- 
lasses  may  contain  enough  sulfur  dioxide  to  inhibit  microorganisms,  but 
most  sirups  and  molasses  contain  no  added  preservative  and  prevent 
microbial  growth  because  of  the  high  osmotic  pressure  of  the  sugar  solu¬ 


tion.  The  osmotic  pressure  increases  with  the  extent  of  in\'ersion  (hy¬ 
drolysis)  of  the  sucrose.  Mold  grow  th  on  the  surface  is  prevented  bv  a 
complete  fill  of  the  container  and  is  reduced  by  periodic  mixing  of  the 
sirup  or  molasses. 


The  boiling  process  during  evaiporation  of  maple  sap  to  maple  sirup 
kills  the  important  spoilage  organisms.  Such  sirup,  bottled  hot  and  in  a 
completely  filled  container,  usually  keeps  w'cll. 

Honey  distributed  locally  on  a  small  scale  usually  is  not  pasteurized 
and  therefore  may  be  subject  to  crystallization  and  to  possible  spoilage 
in  time  by  osmophilic  yeasts.  Commercially  distributed  honey  usually  is 
pasteurized  at  160  to  170°F  (71  to  77°C)  for  a  few  minutes.  A  recom¬ 
mended  treatment  is  to  heat  fairly  rapidly  to  at  least  160°F  (71oC), 
hold  there  for  5  min,  and  cool  promptly  to  90  to  100°F  (32.2  to  3S°C). 

Sodium  benzoate  has  been  suggested  as  a  chemical  preservative  but  has 
not  been  used  much. 


PRESERVATION  OF  VEGETARLES  AND  VEGETABLE  PRODUCTS 

Microorganisms  on  tlie  surfaces  of  freslily  liarvcsted  fniifs  and  vege¬ 
tables  include  not  only  tliose  of  die  normal  surface  Hora  hut  also  those 
from  soil  and  water  and,  perhaps,  plant  pathogens.  Genera  of  bacteria 
usually  present  include  Acliwmohactcr,  Psciidoiiwntis,  Acrohcwlcr,  Alciili- 
lienr.s  BiwiUus,  Bnctcrwm,  Chmmohncterwm,  h'Uwohactcriwn’  Laclo- 
bocUm,  1.eucono,toc,  Micrococcm,  Sarcinn,  Serrefw,  Sinphjhcoccm, 
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Streptococcus,  and  others,  plus  perhaps  genera  containing  plant  patho¬ 
gens,  such  as  Erwinia  and  Xantliomomis.  Any  of  a  number  of  kinds  of 
molds  also  may  be  there,  and  sometimes  a  few  yeasts.  If  the  surfaces  are 
moist  or  the  outer  surface  has  been  damaged,  growth  of  some  micro¬ 
organisms  may  take  place  between  haiwesting  and  processing  or  con¬ 
sumption  of  the  vegetables.  Adecjuate  control  of  temperature  and  hu- 
miditv  will  reduce  such  growth. 

.\sepsis 

While  a  limited  amount  of  contamination  of  vegetables  w’ill  take  place 
between  harvesting  and  processing  or  consumption,  gross  contamination 
can  be  avoided.  Boxes,  lugs,  baskets,  and  other  containers  should  be 
practicallv  free  of  the  growth  of  microorganisms  and  some  will  need 
cleansing  and  sanitation  betw^een  uses.  Examples  are  the  lugs  or  other 
containers  used  for  transporting  shelled  peas  from  the  ^’iner  station  to  the 
canning  factory.  These  containers  may  support  a  considerable  amount  of 
growth  of  bacteria  on  their  moist  interior  and  be  a  source  of  high  num¬ 
bers  of  organisms  on  the  peas.  Contact  of  vegetables  undergoing  spoilage 
with  healthy  vegetables  will  add  contamination  and  may  lead  to  losses. 
Contamination  from  equipment  at  the  processing  plant  can  be  reduced 
by  adequate  cleansing  and  sanitizing.  Especially  feared  is  a  build-up  of 
heat-resistant  spores  of  spoilage  bacteria,  for  instance,  the  spores  of  flat 
sour  bacteria,  putrefactive  anaerobes,  or  Clostridium  tfiermosaccharo- 
hjticum. 

Removal  of  Microorganisms 

Thorough  w'ashing  of  vegetables  removes  most  of  the  casual  con¬ 
taminants  on  the  surface  but  leaves  much  of  the  natural  microbial  sur¬ 
face  flora.  Unless  the  wash  w'ater  is  of  good  bacteriological  fjiiality  it  may 
add  organisms,  and  subsequently  growth  may  take  place  on  the  moist 
surface.  Chlorinated  w'ater  or  borax  solution  sometimes  is  used  for  wash¬ 
ing,  and  detergents  mav  be  added  to  facilitate  the  removal  of  dirt  and 
microorganisms.  Part  of  the  mold  growth  on  straw'berries,  for  example, 
can  be  removed  bv  washing  w'ith  a  nonionic  detergent  solution. 

l^se  of  Heat 

Vegetables  to  be  dried  or  frozen,  and  some  to  be  canned,  are  scalded 
or  blanched  to  inactivate  their  enzymes.  At  the  same  time  the  numbers  of 
microorganisms  are  reduced  appreciably. 

The  heat  processing  of  canned  vegetables  has  been  discussed  in  (diap- 
ter  7,  and  examples  of  processes  have  been  given,  (amned  v(‘getable 
juices  are  processed  similarly. 


Preservatiun  of  Cereals,  Sugars,  and  Vegetables 
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Use  of  Low  Temperatures 

As  has  been  indieated,  a  few  kinds  of  vegetables,  such  as  root  crops, 
potatoes,  cabbage,  and  celery,  that  are  relatively  stable  can  be  preserved 
for  a  limited  time  by  common  or  cellar  storage  (see  Chapter  8). 


Chilling 

Most  vegetables  to  be  preserved  without  special  processing  are  kept 
at  chilling  temperatures.  The  chilling  is  accomplished  by  use  of  cold 
water,  ice,  or  mechanical  refrigeration.  Each  kind  of  v^egetable  has  its 
own  optimum  temperature  and  relative  humidity  for  chilling  storage,  as 
illustrated  in  Chapter  8  and  as  recommended  in  special  bulletins  and 
manuals.  The  “freshening  up”  of  leafv  vegetables  ( lettuce,  spinach )  by 
a  water  sprav  will  cool  the  product  if  cold  water  is  employed,  but 
moistens  at  the  same  time  and  on  long  holding  permits  microbial  growth 
on  the  surface,  with  resultant  sliminess,  v'ilting,  or  discoloration. 

Control  of  the  composition  of  the  atmosphere  in  the  storage  of  vegeta¬ 
bles  has  not  been  used  as  much  as  with  fruits.  The  addition  of  carbon 
dioxide  or  ozone  to  the  air  has  been  recommended  by  some  workers. 
Ultraviolet  rays  have  not  been  successful  because  the  rays  do  not  hit  all 
surfaces  of  the  vegetables  as  thev  are  packaged  and  handled. 

Sweet  potatoes  were  mentioned  in  Chapter  8  as  an  example  of  a  vege¬ 
table  requiring  special  conditions  of  chilling  storage.  Ordinarv^  potatoes 
turn  sweet  at  temperatures  below  36  to  40°F  (2.2  to  4.4°C)  and  are 
stored  at  higher  temperatures  if  they  are  to  be  used  for  potato  chips. 
Sweet  potatoes  and  onions  are  subjected  to  special  curing  treatments 
prior  to  storage. 


1 

Freezing  |l/-) 

The  selection  and  preparation  of  vegetables  for  freezing,  tbeir  blanch¬ 
ing,  their  freezing,  and  ciianges  during  these  processes  have  been  dis¬ 
cussed  in  Chapter  8.  On  the  surface  of  vegetables  are  the  microorganisms 
of  the  natural  flora,  plus  contaminants  from  soil  and  water  (see  Chapter 
4).  If  the  surfaces  are  moist,  growth  of  some  of  these  organisms  will  take 
place  before  the  vegetable  reaches  the  freezing  plant."  There,  washing 
reduces  the  numbers  of  organisms  some  and  adds  some  organisms,  and 
scalding  or  blanching  brings  about  a  great  reduction  in  numbers,  as 
much  as  90  to  99  percent  in  most  instances  (see  Tables  .5-1  and  12-1). 
But  during  the  cooling  and  handling  prior  to  freezing  there  is  opportun- 
1^  for  recontamination  from  equipment  and  for  growth  of  organisms,  so 
that  under  poor  conditions  a  million  or  more  organisms  per  gram’  of 
vegehible  may  be  present  at  freezing.  The  freezing  process  reduces  the 
number  of  organisms  by  a  percentage  that  varies  with  the  kinds  and 
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numbers  originally  present,  but,  on  tlie  average,  about  ball  of  them  are 
killed.  Table  12-1  illustrates  the  changes  in  numbers  of  organisms  on 
snap  beans  as  they  pass  through  various  operations  in  a  freezing  plant. 
During  storage  in  the  frozen  condition  there  is  a  steadv  decrease  in  niim- 
bt‘rs  of  organisms,  but  tliere  are  at  least  some  snrvi\'ors  of  most  kinds  of 
organisms  after  the  usual  storage  period.  The  kind  of  bacteria  most  likely 
to  grow  on  thawing  will  depend  on  the  temperature  and  the  elapsed 
time.  Micrococci  are  predominant  on  thawing  vegetables  like  sweet  corn 
and  peas  w’hen  the  temperature  of  thaw'ing  is  fairly  lo\v,  although 
Achromohacter  and  Aerohacter  species  also  are  likelv  to  be  present  and 


Table  12—1.  Numbers  of  Organisms  per  Gram  on  Snap  Beans  after  Passing 
through  Unit  Operations  in  a  Freezing  Plant 


So)irce  of  sample 


Average  plate  count /g^ 


Before  cutter .  740.000 

.\fter  cutter  and  shaker .  .573,000 

.\fter  blancher .  1.000 

.\fter  shaker,  before  sortiufj;  belt .  18S,000 

Final  package .  30,000 


t  .\verage  of  seventeen  samples  during  0  days.  Plates  incubated  at  32°C.  kroin 
paper  by  Hucker,  Brooks,  and  Emery. 


lactobacilli  on  peas.  One  species  of  Micrococcus  may  grow  at  first,  fol¬ 
lowed  bv  another  species  later.  At  higher  temperatures,  species  of  Flavo- 
hacteriurn  also  mav  mnltiplv.  .As  the  small  packages  of  cjuick-frozen  vege¬ 
tables  nsnallv  are  handled  in  the  home,  Nvherc  the  frozen  food  is  placed 
directly  into  boiling  water  and  cooked,  there  is  ‘no  further  opportunity 
for  microbial  growth. 

When  thawed  vegetables  are  held  at  room  temperature  for  any  con¬ 
siderable  period,  there  is  a  chance  that  food-poisoning  bacteria  may 
grovv’^  and  produce  toxin.  Jones  and  Lochhead,  for  example,  found  entero- 
toxin-forming  micrococci  in  frozen  corn.  Sterilized  corn  inoculated  with 
known  staphylococci  of  the  food-poisoning  t\’pe,  frozen,  and  then  thaw'cd 
and  held  at  a  room  temperature  of  20°C  (68°F)  for  a  total  elapsed  time 
of  1  day,  permitted  growth  of  these  cocci  and  the  production  of  enough 
enterotoxin  to  cause  svmptoms  of  food  poisoning  in  kittens.  Eiiterotoxin 
produced  in  this  xvay  would  not  be  entirely  destroyed  by  the  customary 
cooking  of  the  vegetable.  It  has  been  found  that  some  strains  of  Clos¬ 
tridium  hofulinum  can  grow'  and  produce  toxin  at  15'^C.  (59  h  ),  and  most 
strains  can  grow'  and  produce  toxin  at  2()'^C  (6S  h  )  within  2  or  3  (lavs. 
The  spores  of  this  ()rganism  ha\e  been  found  in  frozen  vegetables  and 
can  be  assumed  to  be  present  often.  Fortunately  the  cojulitions  for 
growth  and  toxin  production  w'ould  have  to  be  nnnsnal;  powa'r  failure  in 
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freezers  for  several  clays  during  floods  or  hurricanes  is  an  example  of 
such  conditions.  The  cooking  of  frozen  vegetables  will  not  kill  all  spores 
of  Clostridium  hotulimim,  and  such  cooked  food  should  not  be  allowed 
to  stand  at  room  temperatures  for  any  extended  period.  Boiling  of  the_ 
\'egetable  for  15  min  will  destroy  any_botidinuni  toxin  that  had  beeiy^ 
formeiL 


Diving 

As  the  methods  of  diving  vegetables  and  c  egetable  products  have  im¬ 
proved,  public  acceptance  has  increased,  so  that  now  a  number  of  dried 
food  products  have  wide  sale.  Dried  vegetables  are  used  considerably 
during  wartime  but  not  as  much  during  periods  of  peace,  except  for  the 
long-used  dry  seeds  of  plants:  beans,  peas,  corn,  wheat,  oats,  rice,  nuts, 
etc.  Dried  vegetables  and  \'egetable  products  are  used  in  dried  soups, 
and  dried  spices  and  condiments  are  used  as  flavoring  materials. 

The  dr\ang  of  vegetables  has  been  discussed  in  Chapter  9,  including 
treatments  before  diving  and  the  microbiology  of  the  vegetables  prior  to 
reception  at  the  processing  plant.  The  removal  of  spoiled  vegetables 
reduces  numbers  of  microorganisms,  and  the  washing  removes  more.  Tlie 
water  may  add  some  organisms,  and  the  moist  condition  mav  permit  the 
growth  of  organisms  until  the  blanching  process.  Contamination  from 
equipment  can  add  more  microorganisms,  which  also  may  grow.  Blanch¬ 
ing  causes  a  great  reduction  in  numbers  of  organisms,  as  much  as  99 
percent  in  some  instances.  Crowth  of  the  microoriranisms  sur\'ivine 
blanching  may  take  place  up  to  the  time  of  drving  and  add  to  the  count 
of  the  dried  product.  Drying  bv  heat  destrovs  veasts  and  most  bacteria, 
but  spores  of  bacteria  and  molds  usuallv  sur\’ive,  as  do  the  more  heat- 
resistant  vegetative  cells.  Microbial  counts  on  dried  vegetables,  either 
after  drying  or  as  purchased  in  the  retail  market,  usuallv  are  considerably 
higher  than  on  dried  fruits,  because  there  are  likely  to  be  higher  numbers 
before  drying  and  a  greater  percentage  survival  afterwards.  Most  vege¬ 
tables  are  less  acid  than  fruits,  and  the  killing  efl'ect  of  the  heat  conse- 
(juently  is  less.  Samples  of  dried  vegetables  from  retail  markets  have 
been  shown  to  contain  microorganisms  in  the  hundred9*of  thousands  or 
even  millions  per  gram,  although  these  dried  foods  can  be  produced  so 
as  to  contain  a  much  smaller  number  of  organisms. 

When  dried  vegetables  are  sulfurcd  to  preserve  a  light  color,  their 
microbial  content  is  reduced. 


If  the  vegetables  are  dried  adeciuately  and  stored  properlv,  there  ^^'ill 
be  no  growth  of  microorganisms  in  them.  During  storage  there  is  a  slo^^^ 
decrease  in  the  number  of  viable  organisms,  more  rapid  during  the  first 
few  months  and  slower  thereafter.  The  spores  of  bacteria  and  molds 
some  of  the  micrococci,  and  microbacteria  are  resistant  to  desiccation 
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and  will  survive  better  than  other  microorganisms  and  will  constitute  an 
increasingly  large  percentage  of  the  survivors  as  the  storage  time 
lengthens. 

Use  of  Preservatives 

The  addition  of  preservatives  to  vegetables  is  not  common,  although 
the  surfaces  of  some  vegetables  may  receive  special  treatment.  Rutabagas 
and  turnips  sometimes  are  paraffined  to  lengthen  their  keeping  time,  and 
chlorinated  water  or  borax  solution  may  be  used  in  the  washing  of  some 
kinds  of  vegetables.  Zinc  carbonate  has  been  reported  to  eliminate  most 
mold  growth  on  lettuce,  beets,  and  spinach.  A  controlled  atmosphere  of 
carbon  dioxide  or  ozone  about  chilled  v^egetables  has  been  tried  experi¬ 
mentally  but  has  had  little  practical  use. 

Added  Preservative.  Sodium  chloride  is  the  onlv  added  chemical  pre¬ 
servative  in  common  use.  The  amount  added  to  vegetables  mav  var)' 
from  the  2.25  to  2.5  percent  in  the  making  of  sauerkraut  up  to  saturation 
for  cauliflower.  The  lower  concentrations  of  salt  permit  an  acid  fermenta¬ 
tion  by  bacteria  to  take  place;  as  the  percentage  of  salt  is  increased  the 
rate  of  acid  production  becomes  slower  until  a  level  of  salt  is  reached 
that  will  permit  no  growth  or  production  of  acid. 

Vegetables  that  are  high  in  protein  and  low  in  carbohvdrate,  like  green 
peas  and  lima  beans,  and  some  that  soften  readilv,  such  as  onions  and 
cauliflower,  are  preserved  by  the  addition  of  enough  salt  to  prev^ent 
any  fermentation:  from  70  to  80°  salometer  (18.6  or  21.2  percent  salt) 
up  to  saturation  (26.5  percent  salt,  or  100°  salometer). 

It  should  be  noted  that,  upon  the  addition  of  brine  or  salt  to  vegeta¬ 
bles,  water  is  drawn  from  them  and  serves  to  decrease  the  salt  concen¬ 
tration  in  the  licjuid. 

Developed  Preservatives.  At  room  temperature  an  acid  fermentation  is 
normal  for  shredded,  chopped,  or  crushed  v^egetables  containing  sugar, 
but  instead  of  a  clean,  acid  flavor  from  the  action  of  lactic  acid  bacteria, 
undesirable  flavors  and  changes  in  body  may  result  from  growth  of  coli- 
forrn  bacteria,  bacilli,  anaerobes,  proteolytic  bacteria,  and  others.  The 
addition  of  salt  to  such  materials  serves  to  reduce  competition  from  un¬ 
desirable  organisms  and  hence  to  encourage  the  lactic  fermentation.  The 
salt  also  serves  to  draw'  the  juice  from  the  vegetables  and  bring  about 
better  distribution  of  the  lactic  acid  bacteria.  The  amount  of  sugar  in  the 
v’egetable  affects  the  aciditv  that  can  be  produced,  while  the  amount 
of  salt  and  the  temperature  determine  the  rate  of  acid  production  and 
the  kinds  of  bacteria  involv'ed  in  it.  In  general,  as  the  salt  content  is  in¬ 
creased,  the  rate  of  acid  formation  becomes  slow'er  and  the  numbers  of 
kinds  of  bacteria  concerned  become  few'cr.  Some  recipes  call  for  a  com- 
parativelv  low'  salt  content  at  the  start,  increasing  amounts  as  the  fer- 
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mentation  continues,  and  finally  enough  salt  to  prevent  further  grovvth 
of  bacteria.  This  method  is  employed  in  the  brining  of  vegetables  like 
string  beans  and  corn. 


SAUERKRAUT 

The  Federal  definition  is  as  follows: 

Sauerkraut  is  the  clean,  sound  product,  of  characteristic  flavor,  obtained  by 
full  fermentation,  chieflv  lactic,  of  properly  prepared  and  shredded  cabbage  in 
the  presence  of  not  less  than  two  percent  nor  more  than  three  percent  of  salt. 
It  contains,  upon  completion  of  the  fermentation,  not  less  than  one  and  one- 
half  percent  of  acid,  expressed  as  lactic  acid.  Sauerkraut  which  has  been  re¬ 
brined  in  the  process  of  canning  or  repacking  contains  not  less  than  one  percent 
of  acid,  expressed  as  lactic  acid. 

General  Making  Procedure 

Closely  filled,  fully  matured  heads  of  a  variety  of  cabbage  preferred 
for  kraut  making  are  wilted  for  1  or  2  days  to  bring  the  cabbage  to  a 
uniform  temperature  and  to  facilitate  shredding.  Spoiled  spots  and  de¬ 
fective  outer  leaves  are  trimmed  off,  the  heads  are  washed  with  pure 
water,  and  the  core  is  drilled  out  and  shredded  to  be  added  to  the  rest 
of  the  cabbage.  The  head  is  cut  to  shreds  of  desired  size,  usually  fairly 
slim  ones.  Then  2.25  to  2.5  percent  of  salt  by  weight  is  mixed  with  the 
shredded  cabbage  before  transfer  to  the  vat  or  is  added  during  the  pack¬ 
ing  of  the  shreds  into  the  vat.  The  first  method  is  preferable  because  it 
results  in  evener  salting,  allows  time  for  penetration  of  the  salt  into  the 
cabbage,  and  makes  packing  easier.  After  the  shreds  have  been  packed 
into  the  vat,  they  are  tamped  dowm  and  finally  weighted  down,  so  that 
a  layer  of  e.xpressed,  brined  juice  stands  on  the  surface.  A  covering  of 
some  kind  should  protect  the  surface  from  contamination  with  dirt  or 
insects.  The  temperature  during  the  lactic  acid  fermentation  should  be 
about  70  to  75°F  (21.1  to  23.9°C).  If  the  temperature  is  below  60°F 
( 15.6°C )  the  fermentation  will  be  slow  and  incomplete  and  if  above  80 
to  85°F  (26.7  to  29.4°C)  abnormal  fermentations  may  result.  During  the 
fermentation,  film  yeasts  or  molds  will  grow  on  the  surface  of  the  Ikpior 
if  the  surface  of  the  expressed  juice  is  left  uncovered.  Formerly,  these 
were  skimmed  off  or  their  growth  prevented  by  covering  the  surface  with 
mineral  oil  (or  paraffin  in  small  fermentors)  after  the  evolution  of  gas 
had  ceased  or  by  filling  containers  completely.  Nowadays,  plastic  bags 
filled  with  water  are  placed  on  top  of  the  fermenting  cabbage  to  seal  the 
surface  and  serve  as  a  weight.  When  the  desired  acidity  has  been  at¬ 
tained  the  fermentation  is  stopped  by  heat-treatment  during  canning  or 
by  low  temperatures. 
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Composition  of  Cabbage 

The  composition  of  cabbage  varies  with  the  variety  and  the  condi¬ 
tions  during  its  growth.  Especially  significant  in  sauerkraut  making  is 
the  sugar  content  because  of  its  influence  on  the  maximum  acidity  that 
can  be  produced  by  fermentation.  Analyses  have  shown  the  sugar  con¬ 
tent  to  range  from  2.9  to  6.4  percent  in  different  lots  of  cabbage;  the 
higher  contents  of  sugar  woidd  permit  the  production  of  too  much  acid¬ 
ity,  if  steps  were  not  taken  to  stop  the  fermentation.  The  sugars  are  about 
85  percent  glucose  and  fructose  and  15  percent  sucrose. 

Addition  of  Salt 

Work  of  Pederson  and  others  has  demonstrated  that  2.25  to  2.5  percent 
of  salt  by  weight  should  be  added  to  the  shredded  cabbage  to  obtain 
kraut  of  the  best  cpiality  and  that  this  salt  should  be  distributed  evenlv. 
The  salt  draws  out  the  plant  juices  containing  the  sugars  and  other  nutri¬ 
ents,  helps  control  the  flora  of  the  fermentation  ( favoring  the  lactic  acid 
bacteria),  and  has  a  dispersing  effect  on  clumps  of  bacteria.  Undesirable 
competitors  of  the  lactics,  e.g.,  proteolytic  bacteria  and  aerobic  and 
anaerobic  spore-formers,  are  inhibited  more  by  the  salt  than  are  the 
desired  acid-formers. 

Washing  of  the  Heads 

Keipper  and  coworkers^  demonstrated  that,  not  only  does  washing  of 
the  cabbage  heads  reduce  total  numbers  of  microorganisms  in  the 
shredded  cabbage,  but  it  also  increases  the  percentage  of  desirable  lac¬ 
tics  in  the  flora  remaining.  In  their  experiments  the  lactics  increased  from 
24  percent  to  35  percent  and  the  percentages  of  undesirable  organisms 
such  as  chromogens,  coliform  bacteria,  yeasts,  and  molds  decreased. 

Tbc  Ferinc'iitation 

Anaerobic  conditions  develop  rapidly  in  the  salted,  shredded  cabbage 
plus  juice,  chiefly  as  the  result  of  the  remoN  al  of  oxygen  by  the  respira¬ 
tion  of  the  plant  cells,  but  with  some  help  from  the  bacteria.  The  juice 
contains  the  natural  flora  of  the  cabbage  plus  contaminants  from  soil 
and  water.  At  first,  different  kinds  of  bacteria  begin  to  grow,  but  the  acid¬ 
forming  tvpes  soon  predominate.  Prominent  among  the  bacteria  that 
attain  appreciable  numbers  early  in  the  fermentation  are  the  coliform 
bacteria,  Acrohaefer  cloacae  for  example,  which  produce  gas  and  volatile 
acids,  as  well  as  some  lactic  acid.  Flavohactcrium  rhenanus  also  has  been 
found  early  in  the  fermentation.  These  organisms  must  contribute  some 
flavor.  Soon,  however,  Lciiconosfoc  mcscntcroklcs  bacteria  liegin  to  out- 

'  C.  H.  Keipper,  W.  II.  Peterson,  E.  H.  I'red,  and  W.  E.  \'anglin,  Ind.  Eng.  Chetn., 
24:  884-889  ( 1932). 
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grow  all  other  organisms  and  continue  acid  production  up  to  0.7  to  1.0 
percent  acid  (as  lactic  acid).  These  streptococci,  which  appear  in  pairs 
or  short  chains,  grow  well  at  65  to  70°F  (18.3  to  21.1°C)  and  are  not 
inhibited,  but  probably  are  even  stimulated  by  2.5  percent  salt.  They 
attack  sugars  to  form  lactic  acid,  acetic  acid,  ethyl  alcohol,  mannitol, 
esters,  and  carbon  dioxide  and  are  considered  responsible  for  the  flavor 
of  good  sauerkraut.  The  mannitol  gives  the  fermenting  cabbage  a  bitter 
fla\w  at  this  stage. 

Next,  non-gas-forming  lactobacilli,  chiefly  of  the  species  Lactobacillus 
plantarum,  continue  the  production  of  acid  and  can  raise  the  acidity  to 
1.5  to  2.0  percent.  These  bacteria  produce  chiefly  lactic  acid  in  their 
fermentation  of  the  sugars.  They  also  utilize  the  mannitol  that  had  been 
produced  by  the  Lcuconostoc  and  thus  remove  the  bitter  flavor.  L.  plan¬ 
tarum  completes  the  desired  fermentation  in  the  production  of  sauer¬ 
kraut.  Experience  has  shown  that  a  final  aciditv  of  about  1.7  percent  as 
lactic  acid  is  most  desirable  in  sauerkraut.  The  fermentation  can  be 
stopped  at  this  stage  by  canning  or  refrigerating  the  sauerkraut. 

If  enough  sugar  and  mannitol  remain  after  L.  plantarum  has  finished 
its  work,  gas-forming  lactobacilli,  chiefly  of  the  species  Lactobacillus 
brevis,  can  grow  and  continue  acid  production  up  to  2.4  percent,  an 
acidity  that  is  attained  rarely,  however,  because  of  lack  of  sugar  and 
mannitol.  The  gas-forming  lactobacilli  give  an  undesirable,  sharply  acid 
flavor  to  the  sauerkraut. 

Good  sauerkraut  should  be  light-colored  and  crisp,  with  an  aciditv  of 
about  1.7  percent  and  a  clean,  acid  flavor.  Small  amounts  of  biaceUd  are 
present  to  add  a  pleasant  aroma  and  taste.  According  to  Pederson  the 
average  finished  kraut  has  a  pH  of  3.4  to  3.6,  a  lactic  acid  content  of  1.25 
pel  cent,  about  0.3  percent  of  acetic  acid,  and  0.58  percent  ethvl  alcohol. 
When  3.5  peicent  salt  is  used  instead  of  the  usual  2.25  percent,  or  when 
the  temperature  is  32  or  37°C  (89.6  or  98.6°F)  instead  of  lower  tem¬ 
peratures,  Pediococcus  ccrevisiae  may  play  a  significant  part  in  the  fer¬ 
mentation,  but  the  kraut  is  likely  to  be  inferior  to  that  produced  under 
normal  conditions  of  salt  content  and  temperature.  Low  salt,  e.o-,,  1.0 
percent,  favors  the  heterofermentative  Lcuconostoc  mesenteroidcs  and 
Lactobacillus  brevis. 


Experiments  have  shown  that  it  is  not  necessary  or  even  advantageous 
to  add  starters  of  lactic  acid  bacteria  in  the  making  of  sauerkraut. 


PICKLES 

Cucumber  pickles  may  be  prepared  without  fermentation,  or  with 
partial  or  complete  fermentation.  Unfermented,  partiallv  fermented  or 
hilly  fermented  cucumbers  may  be  pasteurized  to  improve  their  keeping 
quality.  Usually  brined,  acidified  (naturally  or  artificially)  cucumbers 
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are  heated  so  tliat  the  interior  of  the  cucumbers  will  he  maintained  at 
165°F  (73.9°C)  for  at  least  15  min.  Both  heating  and  cooling  should  be 
fairly  rapid.  No  attempt  will  be  made  here  to  describe  different  methods 
of  pickle  manufacture  since  these  vary  widely;  and  the  discussion  will  be 
limited  to  pickles  produced  by  fermentation.  There  are  two  chief  types 
of  fermented  pickles-  salt,  or  salt-stock  pickles,  and  dill  pickles.  The  salt 
pickles  are  prepared  for  use  in  making  special  products  like  sour,  sweet- 
sour,  and  mixed  pickles  and  relishes. 

SALT  OR  SALT-STOCK  PICKLES 

In  the  preparation  of  fermented  salt  or  salt-stock  pickles  immature 
cucumbers  are  washed,  placed  in  barrels  or  tanks,  and  brined.  Sometimes 
about  1  percent  of  glucose  is  added  if  the  cucumbers  are  low  in  sugar, 
but  some  workers  claim  that  the  addition  of  sugar  will  favor  the  produc¬ 
tion  of  gassv  pickles,  or  “bloaters.” 

Addition  of  Salt 

The  rate  of  addition  of  salt  and  the  total  amount  added  are  varied  con¬ 
siderably  bv  different  makers.  Two  general  methods  of  salting,  the  low- 
salt  method  and  the  high-salt  method,  are  employed.  In  the  low-salt 
method  a  comparatively  low  amount  of  salt  is  added  and  the  concentra¬ 
tion  is  gradually  increased  until  enough  is  present  to  stop  any  growth 
of  bacteria.  For  example,  a  30°-salometer  (nearly  8  percent  NaCl)  brine 
may  be  added  to  the  cucumbers  along  with  9  lb  of  salt  per  100  lb  of 
cucumbers.  Some  makers  start  with  lower  than  8  percent  salt  but  risk  off- 
fermentation  or  spoilage;  6  percent  salt  has  been  found  to  be  the  mini¬ 
mum  concentration  to  hold  down  undesirable  spore-forming  bacteria.  In 
the  high-salt  method  the  first  brine  is  40°  salometer  ( about  10.5  percent 
salt),  and  9  lb  of  salt  are  added  per  1(K)  lb  of  cucumbers. 

The  cucumbers  are  “keyed  down  under  a  surface  layer  of  brine,  and 
the  fermentation  begins.  In  both  methods,  salt  is  added  at  weekly  intt'r- 
vals  so  as  to  increase  the  salometer  reading  by  about  3°  salometer  up  to 
60°  (about  15.9  percent  salt).  In  the  low-salt  method  the  increase  is 
about  2°  per  week  up  to  50°  and  1°  per  week  up  to  60  salometer.  In 
warm  climates  the  salt  content  of  the  brine  may  be  increased  more 
rapidly  than  has  just  been  indicated,  and  in  cool  climates  a  brine  weaker 
than  30°  salometer  mav  be  added  initially. 

Tlie  Fermentation 

The  fermentation  desired  is  lactic  acid  fermentation  of  the  sugars.  This 
process  usually  takes  6  to  9  weeks  for  completion,  depending  upon  the 
salting  metho(i  and  temperature  employed. 
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Any  or  all  of  a  number  of  salt-tolerant  species  of  bacteria  may  grow  at 
first  in  the  newly  brined  fresh  cucumbers.  In  fact,  there  may  be  marked 
differences  in  the  kinds  of  bacteria  growing  in  different  lots  of  cucumber 
brine,  depending  upon  the  numbers  and  kinds  introduced  by  the  cucum¬ 
bers  or  dirt  left  on  them  and  by  the  water  of  the  brine,  the  initial  con¬ 
centration  of  sodium  chloride  and  the  rate  of  increase  in  that  concentra¬ 
tion,  and  the  temperature  of  the  brined  cucumbers.  In  general,  the  lower 


Pig.  12—1.  Lactohacillus  pluntarum,  which  normally  is  responsible  for  most  of  the 
acid  production  in  the  salt  pickle  fermentation.  Enlarged  about  1600  times.  (Cour¬ 
tesy  of  J.  L.  Etchclls  and  I.  D.  Jones,  Glass  Packer,  30  (5):  358-360,  1951.) 

the  salt  concentration,  the  greater  will  be  the  numbers  of  kinds  of  bac¬ 
teria  that  will  grow  at  the  start,  the  more  rapid  will  be  the  acid  produc¬ 
tion,  and  the  greater  will  be  the  total  acidity  produced.  First  to  grow  in 
most  instances  are  a  mixture  of  species  of  the  genera  Psciidomoneis, 
Fhvohacterium,  and  Achromohacter,  types  that  are  considered  undesir¬ 
able  in  that  they  would  be  classed  as  spoilage  bacteria  rather  than  acid- 
formers.  Likewise,  Bacillus  species  are  likely  to  come  from  soil  on  the 
cucumbers  and  their  growth  would  not  be  desired.  In  brines  of  low  salt 
content,  coliform  bacteria,  Lcuconostoc  mcsenteroides.  Streptococcus 
faecahs,  and  Pediococcus  cerevmae  may  grow  and  form  acid  during  the 
rst  few  days  of  the  fermentation,  and  in  15  percent  brines  unidentified 
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gas-torming  cocci  may  produce  some  acid.  Later,  Lactobacillus  brevis 
may  contribute  to  the  acidiU'  if  the  salt  concentration  is  not  too  high.  In 
most  brines  Lactobacillus  plantaruui  (Figure  12-1)  is  the  most  important 
bacterium,  developing  acidity  in  both  low-  and  high-salt  brines.  It  begins 
to  attain  appreciable  numbers  several  days  after  the  start  of  the  fermenta¬ 
tion.  As  the  salt  concentration  is  increased  from  about  10  percent  toward 
15  percent,  L.  plaiitarum  becomes  decreasingly  active.  The  total  titrata- 
ble  acidity,  as  lactic  acid,  is  about  0.6  to  0.8  percent  on  completion  of 
the  fermentation. 

To  complicate  the  fermentation  further,  yeasts  may  begin  growth 
(Figure  12-2)  after  some  acid  has  been  formed  by  the  bacteria.  These 


I' ii^.  12—2.  Active  ejaseous  fermentation  of  pickle  brine  by  yeasts,  bloater  pickles  may 
result.  {Goartesy  of  J.  L.  Etchclls  aiul  1,  D.  Jones,  Llass  Packer,  30  (o):  3o8— 360, 
1951.) 


yeasts  are  of  two  general  tvpes  the  film,  or  oxidative,  yeasts  that  grow 
on  the  surface  of  the  brine  and  destroy  lactic  acid  by  oxidation,  and  the 
fermentative  yeasts  that  grow  dow'n  in  the  brine  and  terment  sugars  to 
alcohol  and  carbon  dioxide,  lilm  yeasts  of  the  genera  Dcbanjonu/ccs, 
Lndouufcopsis,  and  Candida  ha\’c  been  found  growing,  with  the  fiist 
genus  most  widespread.  \  arious  methods  for  the  reduction  or  elimination 
of  the  scum  of  yeasts  in  the  brine  during  the  fermentation  include  daily 
agitation  of  the  surface  or  the  addition  of  mineral  oil,  soibic  acid,  oil  of 
mustard,  or  other  substances.  In  the  ortler  of  fre(juency  of  ocenrrenee  the 
following  genera  of  fermentative  yeasts  have  been  found  in  the  brines: 
Torn/opW  ( Figure  12-3),  Brctfanonujccs,  Zijgosaccharonujccs  (a  sub¬ 
genus  of  Saccharonu/ccs),  Ilanscnula,  Torulaspora,  and  Klocckcra.  (his 
produced  by  these  yeasts  bubbles  from  the  brine  and  may  be  responsible 
for  bloated  pickles. 
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A  fermentation  as  variable,  complicated,  and  impiedictable  as  that  of 
brined  encumbers  is  difficult  to  summarize.  Most  of  the  acid  normally  is 
produced  by  Lactobacillus  plantarum,  but  also  may  be  formed  by  Leii- 
conostoc  mescutcvoidcs,  Lactobacillus  brevis,  Streptococcus  faecalis, 
Pcdiococcus  ccrevisiae,  and  possibly  coliform  bacteria.  Acid  is  destroyed 
by  film  yeasts.  Gas  may  be  produced  by  Lcuconostoc  mesenteroidcs, 
fermentative  yeasts,  and  coliform  bacteria. 

When  the  cucumbers  are  first  brined  they  are  chalky-white  and  opaque 
in  cross  section,  but  during  the  fermentation  and  cure  the  color  changes 
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Fig.  12-3.  Tonilopsis  caroliniana,  a  fermentative  yeast  causing  a  gaseous  fermenta¬ 
tion  in  the  brine  during  the  salt  pickle  fermentation.  (Courtesy  of  J.  L.  Etchells  and 
I.  D.  Jones,  Glass  Packer,  30  (5):  358-360,  1951.) 

from  the  original  bright-green  to  an  olive-  or  yellowish-green  and  the 
flesh  becomes  increasingly  translucent.  Salt  pickles  in  15  percent  salt 
brine  can  be  kept  for  long  periods  if  grow  th  of  film  yeasts  is  prevented. 
They  are  too  salty  to  be  eaten  and  must  be  ‘Treshened”  by  soaking  before 
they  are  made  into  sour,  sweet-sour,  or  mixed  pickles,  relishes,  or  other 
products. 


DILL  PICKLES 

Dill  pickles  are  so  named  because  they  are  flavored  by  addition  of  dill 
herb  m  some  form;  usually  spices  are  added  as  wtII,  and  to  the  kosher 
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types  garlic  or  onion.  Dill  pickles  may  be  iinferinented  or  fermented  or 
made  from  salt  stock,  but  only  the  fermented  types,  “overnight”  and 
“genuine”  dill  pickles,  will  be  considered  here. 

The  fermentation  to  produce  dill  pickles  differs  from  that  for  salt  stock 
in  that  a  lower  concentration  of  salt  is  employed  than  in  salt  stock  and 
the  brine  usually  is  acidified  with  vinegar  ( acetic  acid )  at  the  start.  The 
low  salt  content  favors  an  increased  rate  and  amount  of  acid  production 
but  adds  to  the  risk  of  undesirable  microbial  changes.  The  flavoring 
materials,  dill,  spices,  garlic,  etc.,  do  not  markedly  stimulate  or  inhibit 
the  acid-forming  bacteria,  but  they  may  be  a  source  of  considerable  num¬ 
bers  of  undesirable  microorganisms  and  hence  the  cause  of  ofi-fermenta- 
tions  or  spoilage  of  the  pickles.  Treated  spices  containing  low  numbers 
of  microorganisms  are  now  available. 


Overnicrht  Dill  Pickles 

Overnight  dill  pickles  are  prepared  by  a  slow  acid  fermentation  at  a 
low  temperature  in  a  comparatively  weak  acidified  brine.  For  example, 
one  formula  calls  for  a  20°  salometer  brine  (5.3  percent  salt),  10  lb  of 
cured  dill  weed,  1  lb  of  mixed  spices,  and  1  cjt  of  100-grain  \’inegar  per 
barrel.  The  brined  cucumbers  are  then  held  at  about  38°F  (3.3°C), 
where  they  undergo  a  slow  lactic  acid  fermentation  until  0.3  to  0.6 
percent  of  acid  has  developed.  The  pickles  must  be  kept  cold,  and  they 
have  a  comparativ'ely  short  keeping  time  because  of  the  low  content  of 
salt  and  acid.  A  higher  acidity  can  be  obtained  by  permitting  fermenta¬ 
tion  to  take  place  prior  to  storage,  but  there  is  increased  danger  of  off- 
fermentation  or  spoilage,  and  the  green  color  is  not  retained  as  well  as  in 
the  usual  process. 


Genuine  Dill  Pickles 

In  the  manufacture  of  genuine  dill  pickles  a  brine  containing  about 
7.5  to  8.5  percent  salt  ( 28  to  32°  salometer )  is  added  to  the  cucumbers, 
usually  in  a  45-gal  barrel,  so  that  the  concentration  of  salt  in  the  finished 
pickles  will  be  about  3.5  to  4.5  percent.  Dill  and  pickle  spices  also  are 
added.  Most  makers  add  vinegar,  e.g.,  1  qt  of  100-grain  vinegar  per 
barrel,  to  keep  do^^m  abnormal  fermentations.  A  temperature  between 
60  and  85  F  is  usually  employed,  with  lower  temperatures  preferred. 

Because  of  the  comparatively  low  concentration  of  salt,  miscellaneous 
soil  bacteria  first  begin  growing,  but  acid  production  probably  is  beunn 
bv  bacteria  like  Lcticonostoc  mcscntcroklcs,  Streptococcus  faccalis,  anc 
Pcdiococacs  ccrcvisiae,  and  is  continued  by  Lactobacillus  plantarum, 
with  possible  help  from  Lactobacillus  brevis.  The  final  acidity  ranges 
from  1.0  to  1.5  percent  as  lactic  acid. 
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GREEN  OLIVES 

Although  olives  are  fruits,  rather  than  vegetables,  they  will  be  dis¬ 
cussed  here  because  their  fermentation  resembles  that  of  the  fermented 
vegetables  just  mentioned. 

In  the  preparation  of  green  olives,  the  fruits  are  harvested  when  fully 
developed,  but  still  green  or  straw-yellow;  bruising  is  avoided  to  prevent 
defects  in  the  product.  The  olives  may  be  kept  in  brine  to  await  proc¬ 
essing.  In  processing,  they  first  are  treated  with  and  kept  submerged  in 
a  1.25  to  2.0  percent  lye  solution  at  about  60  to  70°F  (15.6  to  21.1°C) 
until  the  lye  has  penetrated  one-half  to  three-quarters  of  the  way  toward 
the  pit,  and  then  they  are  washed  several  times  (with  as  little  e.xposure 
to  air  as  is  practicable  to  avoid  darkening)  to  remove  the  lye.  This  treat¬ 
ment  removes  most,  but  not  all,  of  the  bitterness  caused  by  the  glucoside, 
oleuropein.  Ne.xt,  the  olives  are  barreled  and  covered  with  a  salt  brine, 
the  concentration  of  which  ^^aries  with  the  kind  of  olive.  A  10  to  15 
percent  brine  (40  to  50°  salometer)  is  recommended  for  Manzanillo 
olives,  resulting  in  a  concentration  of  about  6  to  9  percent  salt  upon 
stabilization;  the  salt  concentration  is  adjusted  to  and  maintained  at  7 
to  8  percent  salt  throughout  the  fermentation.  Sevillano  olives,  on  the 
other  hand,  are  started  in  brine  \Aith  5  to  6.25  percent  salt  (20  to  25° 
salometer)  or  less,  resulting  in  a  2.5  to  4  percent  brine,  w'hich  is  adjusted 
to  6  to  8  percent  salt.  Lost  brine  ( leakage,  evaporation,  gas )  is  replaced 
promptly,  and  the  oli\  es  are  kept  covered  with  brine  at  all  times. 

The  lactic  acid  fermentation  of  the  barreled  olives  mav  take  as  long  as 
6  to  10  months,  the  length  of  time  depending  upon  the  atmospheric 
temperatures.  Vaughn,  Douglas,  and  Gililland  have  divided  the  normal 
fermentation  into  three  stages:  (1)  the  first  stage,  lasting  7  to  14  days, 
during  which  the  brine  is  becoming  stabilized,  foods  for  microorganisms 
are  being  leached  from  the  olives,  and  potential  spoilage  organisms,  e.g., 
Aerohacter  and  Pseudomonas,  and  perhaps  Closfridhim,  Bacillus,  and 
yeasts,  may  start  to  grow  and  may  continue  growth  until  Leuconostoc 
mesenteroides  can  get  under  way;  (2)  the  intermediate  stage,  lasting 
2  or  3  weeks,  during  which  the  Leuconostoc  becomes  predominant  in 
growth  and  acid  production  and  Lactobacillus  planfarum  and  Lactobacil¬ 
lus  brevis  begin  to  grow  and  produce  acid;  and  (3)  the  final  stage  when 
these  lactobacilli,  especially  L.  plantaruni,  are  predominant.  Gas  produc- 
tion  by  yeasts,  coliforms,  Leuconostoc,  and  the  heterofermentati\'e  L 
brevis  and  other  lactobacilli  takes  place,  especially  during  early  stages 
of  the  fermentation.  An  average  temperature  of  about  75°F  (23.9°C) 
favors  a  rapid  fermentation.  The  final  acidity  nsually  is  about  0.7  to  1.0 
percent  acid  as  lactic  and  tlie  final  pH  is  4.0  to  3.8  or  lower.  Sometimes, 
probably  because  of  damage  to  the  lactic  acirl  bacteria  by  the  lye  treat- 
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inent,  the  normal  lactic  fermentation  is  delayed  or  prevented.  A  starter 
of  Ldctohacilliis  plantanim  or  of  actively  fermenting  brine  has  been  rec¬ 
ommended.  Olives  may  be  low  in  sugar  or  have  too  much  leached  out 
during  lye  treatments  and  washing  and  therefore  recjuire  the  addition 
of  glucose  in  order  for  the  desired  lactie  fermentation  to  take  place. 

()1  ives  that  have  been  pitted  and  stuffed  with  brined  pimento  are 
barreled,  brined,  and  allowed  to  stand  for  a  month  or  so  until  the 
pimento  flesh  has  been  fermented. 

The  fermented  green  olives  are  sorted  and  graded,  and  may  be  rebar¬ 
reled  and  rebrined,  or  may  be  washed,  packed  into  glass  jars  or  other 
containers  under  vacuum,  and  rebrined  with  a  brine  of  about  28° 
salometer  (7  percent  salt).  Edible  lactie  acid  mav  be  added  to  the  final 
brine.  They  may  be  pasteurized  in  the  container  at  about  14()°F  (6()°C) 
or  brined  at  175  to  18()°F  (79.4  to  82.2°C)  to  improve  their  keeping 
([uality. 


RIPE  OLIVES 

Olives  for  the  ]n-oduction  of  ripe  oliv^es  are  picked  when  cherry-red 
(but  not  ripe),  shipped  in  a  3  to  5  percent  brine,  and  held  before 
processing  in  the  factorv  in  a  5  to  10  percent  brine.  A  lactic  acid  fer¬ 
mentation  iisuallv  takes  place  while  the  olives  are  being  held  in  the 
brine.  After  grading  and  sorting  of  the  olives  they  are  given  the  following 
“pickling”  process:  a  first  Ive  treatment  with  0.5  to  2.0  percent  lye  to 
barelv  penetrate  the  skin;  an  aeration  treatment  with  stirring  or  admin¬ 
istration  of  compressed  air  to  darken  the  skin;  and  more  lye  treatments, 
followed  by  further  aeration.  Finally  the  lye  is  allowed  to  penetrate  to 
the  pit,  remov'ing  most  of  the  bitter  glucoside,  oleuropein,  and  then  the 
oliN'es  are  leached  with  water  to  remove  most  of  the  lye.  Then  comes 
stabilization  of  the  ripe  olives  in  a  2  to  3  percent  brine  for  2  or  more  days, 
during  which  period  fermentation  may  take  place,  although  it  is  not 
desired,  for  it  may  lea{l  to  color  defects.  Ripe  olives  usually  are  canned 
in  weak  brine  and  are  processed  in  the  glass  or  tin  container  at  about 
240°F  (115.6°C)  for  60  min. 


OTHER  FERMENTED  VEGETABLES 

Leafv  vegetables  such  as  spinach  and  chard,  and  “greens”  such  as  beet, 
mustard,  and  turnip  mav  be  prepared  in  a  manner  similar  to  that  for 
making  sauerkraut  from  cabbage.  The  addition  of  2.5  percent  bv  weight 
of  dry  salt  causes  moisture  to  be  drawn  from  the  vegetable  and  permits 
a  lactic  acid  fermentation  similar  to  that  for  sauerkraut.  Lettuce  kraut 
prepart'd  in  this  way  has  been  compared  favorably  with  sauerkraut. 


175 


Preservation  of  Cereals,  Sugars,  and  Vegetaldes 

Saiierriiben  are  made  from  impeeled,  sliredded  young  turnips  to  wliich 
are  added  about  2.2  pereent  salt  by  weight.  The  salted  turnips,  packed 
in  half-gallon  fruit  jars,  are  held  at  70  to  75°F  (21.1  to  24°C)  to  undergo 
a  lactic  acid  fermentation  like  that  for  sauerkraut. 

Fermented  green  tomatoes  may  be  prepared  for  incorporation  in 
relishes  and  mixed  pickles.  The  fermentation  is  similar  to  that  for  sauer¬ 
kraut  but  slower,  the  same  succession  of  bacteria  being  in\'olved.  The 
skins  of  the  tomatoes  may  be  punctured  to  hasten  the  process. 

A  number  of  Oriental  fermented  foods  are  made  from  vegetable  prod¬ 
ucts,  and  some  of  these  are  discussed  in  Chapter  28. 


PRESERVATION  BY  RADIATIONS 

In  the  future,  vegetables  and  \'egetable  products  may  be  preser\^ed  by 
means  of  ladiations  or  radiations  combined  with  other  preser\^ati\'e 
methods  (see  Chapter  11),  but  such  processing  is  still  in  the  experi¬ 
mental  stage. 
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CHAPTER  13  Preservation  of  Fruits  and  Fruit  Products 


In  general,  prineiples  similar  to  those  discussed  for  vegetables  and  vege¬ 
table  products  are  invoh’ed  in  the  preservation  of  fruits  and  fruit  prod¬ 
ucts.  The  surfaces  of  healthy  fruits  include  the  natural  flora  plus  con¬ 
taminating  microorganisms  from  soil  and  water  and  therefore  hav^e  a 
surface  flora  much  like  that  listed  for  vegetables  in  Chapter  12.  In  addi¬ 
tion,  some  fruits  will  contain  plant  pathogens  or  saprophytic  spoilage 
organisms  which  may  grow  subsequent  to  harvesting.  Such  defective 
fruits  should  be  sorted  out  and  spoiled  portions  may  be  trimmed  out. 

Asepsis 

Fruits,  like  vegetables,  may  be  subject  to  contamination  between  har¬ 
vesting  and  processing  from  containers  and  from  spoiling  fruits  and  care 
should  be  taken  to  avoid  such  contamination  as  much  as  possible. 

Removal  of  Microorganisms 

Thorough  washing  of  fruits  serx^es  to  remove  not  only  dirt  and  hence 
casual  contaminating  microorganisms  but  also  poisonous  sprays.  Washing 
may  be  by  means  of  water,  detergent  solutions,  or  even  bactericidal  solu¬ 
tions,  such  as  chlorinated  water.  Trimming  also  removes  microorganisms. 

Clear  fruit  juices  may  be  sterilized  by  filtration  through  bacteria-tight 
filters.  ^ 


Use  of  Heat 

Fruits  seldom  are  blanched  prior  to  other  processing  because  blanch¬ 
ing  would  cause  too  much  physical  damage. 

The  principles  involved  in  the  heat  processing  of  canned  fruits  have 
een  iscussed  in  Chapter  7,  and  a  few  examples  of  the  processes  have 
been  given_  It  will  be  noted  that  the  fruits  are  in  one  of  two  groups  on 
he  basis  of  their  pH  (see  page  93):  the  acid  foods,  such  as  ^tomatoes, 
\mars,  and  pineapples,  or  the  high-acid  foods,  such  as  berries.  A  steam 
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pressure  sterilizer  is  not  recjuired  for  most  fruits,  for  lieating  at  about 
100°C  (212°F)  is  sufficient  and  can  be  accomplished  bv  flowing  steam 
or  boiling  water.  Some  high-acid  fruits  are  preheated  and  filled  into  the 
container  while  hot  and  require  no  further  heat  processing.  In  general, 
the  more  acid  the  fruit,  the  less  heat  is  required  for  its  preservation. 
Similar  principles  are  involved  in  the  canning  of  fruit  juices. 


Use  of  Low  Temperatures 


A  few  fruits,  such  as  apples,  can  be  preserved  for  a  limited  time  in 
common  or  cellar  storage;  but  controlled  lower  temperatures  usuallv  are 
employed  during  most  of  the  storage  period  of  fruits. 

Chilling.  Each  fruit  has  its  own  optimum  temperature  and  relative 
humidity  for  chilling  storage;  even  v^arieties  of  the  same  fruit  may  differ 
in  their  recjuirements.  Bananas  and  apples  were  mentioned  in  Chapter  8 
as  fruits  that  should  have  special  conditions  of  storage,  and  avocados  and 
citrus  fruits  can  be  added  to  the  list.  Fruits  have  been  treated  with  vari¬ 
ous  chemicals  before  or  during  storage  to  aid  in  their  preser\'ation. 
Thus  hvpochlorites,  sodium  bicarbonate,  borax,  propionates,  biphenvl, 
o-phenylphenols,  and  other  chemicals  have  been  recommended.  Fruit 
also  lias  been  enclosed  in  wrappers  treated  with  chemicals,  e.g.,  sulfite 


paper  on  grapes,  iodine  paper  on  grapes  and  tomatoes,  or  borax  paper  on 
oranges.  Waxed  wraps,  paraffin  oil,  paraffin,  waxes,  and  mineral  oil  have 
been  applied  for  mechanical  protection. 

There  has  been  considerable  research  on  the  combination  of  the  chill¬ 
ing  storage  of  fruits  with  control  of  the  atmosphere  of  the  storage  room. 
This  control  mav  consist  merelv  of  regulation  of  the  concentrations  of 
oxvgen  and  carbon  dioxide  in  the  atmosphere  or  may  in\’ol\  e  the  addi¬ 
tion  or  removal  of  carbon  dioxide^  or  the  addition  of  ozone.  The  L'nited 
States  Department  of  Agriculture  has  recommended  the  use  of  high  con¬ 
centration  of  carbon  dioxide  in  the  air  during  the  first  few  days  after 
harv'est,  until  the  fruits  or  vegetables  ha\’e  cooled  enough  to  slow  down 
changes,  and  no  further  addition  of  COo  thereafter.  Solid  COo  (dry  ice) 
cai\be  used  as  the  source  of  COo. 

British  workers  have  done  much  of  the  experimentation  on  the  “gas- 
storage”  of  fruits,  especiallv  of  apples,  controlling  the  carbon  dioxide 
and  oxvgen  of  the  air  in  the  storage  room  by  addition  or  remoN’al  of 
carbon  dioxide  or  by  ventilation.  The  optimum  concentration  of  carbon 
dioxide  and  oxvgen  and  proportion  of  these  gases  varies  with  the  kind 
of  fruit  and  ev'en  with  the  v'ariet\-  of  fruit.  C^ontrol  of  humidit\  is  unnec- 
essar\%  and  a  higher  storage  tempc'rature  may  be  used  than  for  the  usual 
ehilling  storage'.  1'he  ad\antages  of  gas  storage  over  ordiuar\-  chilling 
storage  of  ajijih'S  are  listed  bv  Kidd  and  West  as  follows:  (  D  ript'ning 
procee’ds  at  half  the  rate  in  air  at  a  given  temperature;  (2)  low-tt'inpera* 
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tiire  breakdown  is  avoided  beeause  the  temperature  of  about  40  F  is 
above  the  limit  for  the  disease;  (3)  firmness  is  almost  unchanged  over 
long  periods;  (4)  changes  in  the  ground  color  from  green  to  yellow  are 
markedly  retarded;  (5)  the  surface-eating  Tortrix-moth  larvae  are  killed; 
(6)  life  of  the  fruit  after  removal  from  gas  storage  is  remarkably  long. 
Too  much  COo  in  the  atmosphere  causes  brown  heart  of  apples  at  higher 
temperatures  and  hastens  low-temperature  breakdown  at  lower  tempera¬ 
tures.  Too  little  oxygen  favors  alcohol  formation  and  too  much  hastens 
ripening. 

While  carbon  dioxide  storage  has  been  employed  chiefly  with  apples, 
it  can  be  used  successfully  with  pears,  bananas,  citrus  fruits,  plums, 
peaches,  grapes,  and  other  fruits. 

Ozone  in  concentrations  of.  2  to  3  ppm  in  the  atmosphere  has  been 
reported  to  double  the  storage  time  of  loosely  packed  small,  fresh  fruits, 
such  as  strawberries,  raspberries,  currants,  and  grapes,  and  of  delicate 
varieties  of  apples. 

Ethylene  in  the  atmosphere  is  used  to  hasten  ripening  or  produce  a 
desired  color  change,  and  is  not  considered  preservative,  although  a  com¬ 
bination  of  this  gas  and  activated  hydrocarbons  has  been  suggested  for 
the  preservation  of  fruits. 

Freezing.  The  surfaces  of  fruits  contain  the  natural  surface  flora  plus 
contaminants  from  soil  and  water.  Anv  spoiled  parts  that  are  present  will 
add  molds  or  yeasts.  During  preparation  of  fruits  for  freezing,  undesir¬ 
able  changes  may  take  place,  such  as  darkening,  deterioration  in  fla\'or, 
and  spoilage  by  microorganisms,  especially  molds.  The  washing  of  the 
fruit  removes  most  of  the  soil  microorganisms,  and  adequate  selection 
and  trimming  get  rid  of  many  of  the  molds  and  yeasts  involved  in  spoil¬ 
age.  With  proper  handling  there  should  be  little  growth  of  microorgan¬ 
isms  prior  to  freezing.  The  freezing  process  reduces  the  numbers  of 
microorganisms  but  also  usually  causes  some  damage  to  the  fruit  tissues, 
resulting  in  flabbiness  and  release  of  some  juice.  During  storage  in  the 
frozen  condition  the  physical  changes  described  in  Chapter  8  occur  and 
also  a  slow  but  regular  decrease  in  numbers  of  microorganisms.  Yeasts 
{Saccharomyces,  Cnjptococcus)  and  molds  {Aspergillus,  FeniciUium, 
Mucor,  Rhizopus,  Bofnjtis,  Fusarium,  Alternaria,  etc.)  have  been  re¬ 
ported  to  be  the  predominant  organisms  in  frozen  fruits,  although  small 
numbers  of  soil  organisms,  e.g.,  species  of  Bacillus,  Pseudomonas, 
Achromobacter,  etc.,  would  survive  freezing.  Yeasts  are  most  likely  to 
grow  during  slow  thawing. 

Numbers  of  viable  microorganisms  in  frozen  fruits  are  considerably 
lower  than  in  frozen  vegetables.  Total  counts  seldom  are  attempted  as  a 
contiol  measure,  although  the  Howard  method  for  estimating  numbers 
of  mold  filaments  has  been  employed  by  the  Food  and  Drug  Administra- 
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tioii  in  the  examination  of  frozen  fruits.  Large  ninn])ers  of  mold  hyphae 
are  indicative  of  the  freezing  of  inferior  fruit  that  included  rotten  parts. 

The  numbers  of  microorganisms  in  frozen  fruit  juices  will  depend  upon 
the  condition  of  the  fruit,  the  washing  process,  the  method  of  filtration, 
and  the  opportunities  for  contamination  and  gro\\’th  prior  to  freezing. 
There  may  be  from  a  few  hundred  to  over  a  million  organisms  per  milli¬ 
liter  present  in  the  juice  at  the  time  of  freezing.  The  inclusion  of  rotten 
parts  of  the  fruit  increases  the  numbers  of  organisms  markedly.  The 
washing  process,  especially  the  kind  of  solution  used  for  washing,  has 
a  considerable  influence  on  the  numbers  of  organisms,  for  those  on  the 
surface  of  fruits  are  difficult  to  remove.  Numbers  can  build  up  in  the 
washing  solution,  on  moist  surfaces  of  the  washed  fruit,  and  in  the  juice 
itself  before  freezing.  In  the  plant,  too,  there  is  opportunity  for  the  addi¬ 
tion  of  organisms  from  the  equipment.  The  freezing  process  markedly 
reduces  numbers,  but  added  sugar  or  increased  concentration  of  the  juice 
has  a  protective  effect  against  killing.  The  decrease  in  numbers  of  organ¬ 
isms  during  storage  in  the  frozen  condition  is  slow,  but  is  faster  than  in 
most  neutral  foods.  The  kinds  of  organisms  are  chiefly  those  of  soil, 
water,  and  rots,  together  with  the  natural  surface  flora  of  the  fruit.  Prom¬ 
inent  usually  are  coliforms,  enterococci,  lactics,  e.g.,  Leuconostoc  and 
Lactohacilhis  species,  Achromohacter,  and  yeasts. 

Since  coliform  bacteria,  mostly  of  the  Acrohacter  aero^enes  tx'pe,  form 
part  of  the  natural  flora  of  fruits,  they  are  present  in  both  fresh  and 
frozen  fruit  juices.  The  use  of  decayed  fruit  for  the  juice  increases  the 
numbers  of  coliforms,  but  these  organisms  decrease  during  storage.  Be¬ 
cause  coliforms  normally  are  present,  there  are  objections  to  the  use  of 
the  presumptive  test  for  coliforms  to  indicate  sanitary  (jualitv  of  the 
juice.  It  has  been  suggested  that  tests  be  made  for  the  intestinal  coliform, 
Escherichia  coli,  or  better  still  for  the  more  persistent  enterococcus. 
Streptococcus  faccalis. 

Drying 

The  drying  of  fruits  has  been  discussed  in  Chapter  9.  It  has  b(*en  noted 
that  the  numbers  of  microorganisms  in  dried  fruits  are  comparatively 
low,  and  that  spores  of  bacteria  and  molds  are  likely  to  be  most  numer¬ 
ous.  An  occasional  sample  may  contain  high  numbers  of  mold  spores, 
indicating  that  growth  and  sporulation  of  molds  has  taken  place  on  the 
fruit  before  or  after  dehvdration.  .\lkali  trcatmt'nt,  sulfuring,  and  pasteur- 
ization  rcdiice  numbers  of  microorganisms. 

Use  of  Preservatives 

The  use  of  chemical  preservatives  to  lengthen  the  keeping  time  of 
Iruits  has  been  discussed  in  ('hapter  10,  wluTe  it  was  noted  that  chem- 
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icals  have  been  applied  to  fruits  cliiefly  as  a  dip  or  spray  or  impiegnated 
in  wrappers  for  the  fruits.  Among  substances  that  have  been  applied  to 
the  outer  surfaces  of  fruit  are  waxes,  hypochlorites,  biphenyl,  and  alka¬ 
line  sodium  orthophenylphenate.  Wrappers  for  fruits  have  been  impreg¬ 
nated  with  a  variety  of  chemicals  including  iodine,  sulfite,  biphenyl, 
o-phenylphenol  plus  hexamine,  and  others.  As  a  gas  or  fog  about  the 
fruit,  carbon  dioxide,  ozone,  and  ethylene  plus  chlorinated  hydiocaibons 
have  been  tried.  Sulfur  dioxide  and  sodium  benzoate  are  preservatives 
that  have  been  added  directly  to  fruits  or  fruit  products.  Most  of  the 
chemical  preservatives  mentioned  have  been  primarily  antifungal  in 
purpose. 

Green  olives  are  the  only  fruits  which  are  preserved  on  a  commercial 
scale  by  means  of  preservativ'es  developed  during  a  fermentation.  This 
fermentation  is  discussed  in  Chapter  12.  Locally,  other  fermented  fruits 
sometimes  are  prepared,  such  as  fermented  green  tomatoes  and  Rumanian 
preserved  apples.  In  all  of  these  products  the  lactic  acid  fermentation 
is  of  chief  importance. 
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CHAPTER  14  Preservation  of  Meats  and  Seafood 


The  contamination  of  meats  and  fish  and  other  seafood  lias  been  dis¬ 
cussed  briefly  in  Chapter  5.  The  kind  and  extent  of  this  contamination 
will  determine  the  success  of  methods  employed  to  preserve  these  food 
products. 


MEATS 

The  preservation  of  meats,  as  of  most  perishable  foods,  usually  is  ac¬ 
complished  by  a  combination  of  preservative  methods.  The  fact  that  most 
meats  are  v^ery  good  culture  media  high  in  moisture,  nearly  neutral  in 
pH,  and  high  in  nutrients — so  that  many  kinds  of  microorganisms  can 
grow  well,  coupled  with  the  fact  that  some  organisms  may  be  in  the 
lymph  nodes,  bones,  and  muscle  and  contamination  with  spoilage  organ¬ 
isms  is  almost  unavoidable,  makes  the  preservation  of  meats  more  diffi¬ 
cult  than  of  most  other  kinds  of  food.  Unless  cooling  is  prompt  and  rapid 
after  slaughter,  meat  may  undergo  undesirable  changes  in  appearance 
and  flavor  and  may  support  the  growth  of  microorganisms  before  being 
processed  in  some  way  for  its  preserv'ation.  Long  storage  at  chilling  tem¬ 
peratures  may  allow  some  increase  in  numbers  of  microorganisms. 

Asepsis 

Asepsis  or  keeping  microorganisms  away  from  meats  as  much  as 
practicable  during  slaughtering  and  handling  makes  their  preserva¬ 
tion  easier  by  any  method:  storage  time  under  chilling  conditions  may 
be  lengthened,  aging  for  tenderizing  becomes  less  of  a  risk,  curing 
and  smoking  methods  are  more  certain,  and  heating  processes  are  more 
successful. 

Asepsis  begins  with  avoidance,  as  much  as  possible,  of  contamination 
from  the  exterior  of  the  animal.  \\  ater  spraying  of  the  animal  before 
slaughter  has  been  recommended  to  remo\’e  as  much  gross  dirt  as  pos- 
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sible  from  hair  and  hide,  and  a  foot  bath  may  be  employed  to  remove 
dirt  from  the  hoofs.  Even  so,  the  hide  and  hair  of  the  animal  are  impor¬ 
tant  sources  of  contamination  of  the  surfaces  of  the  carcass  during  s  in¬ 
ning  The  knife  used  to  “stick,”  or  slaughter,  hogs  or  sheep  or  slit  the 
throats  of  cattle  after  slaughter  may  contribute  microorganisms  to  the 
blood  stream  still  under  circulation  and  also  carry  in  organisms  while 
penetrating  the  hide.  Organisms  may  be  added  to  hide  and  lungs  of  hogs 
during  scalding.  There  is  not  only  contamination  from  the  hide  during 
skinning  but  also  from  knives  and  from  workers  and  their  clothes.  Duiing 
evisceration,  contamination  may  come  from  the  animals  intestine,  the 
air,  the  water  for  washing  and  rinsing  the  carcass,  cloths  and  brushes 
einployed  on  the  carcass,  the  various  knives,  saws,  etc.,  used,  and  the 
hands'and  clothing  of  the  workmen;  and  some  organisms  may  come  from 
walls  touched  by  the  carcass  or  from  splash  or  mist  from  the  floors.  Meat 
in  the  chill  room  may  be  subject  to  contamination  from  air,  walls,  floors, 
and  workers.  Of  special  interest  as  a  source  of  mold  spores  is  the  sawdust 
usually  spread  on  the  floor.  Further  contamination  during  cutting  and 
trimming  comes  from  knives,  saws,  conveyors,  tables,  air,  water,  and 


1  workmen. 

The  fact  that  the  microorganisms  added  from  the  above-mentioned 
sources  normally  include  practically  all  of  the  organisms  involved  in  the 
spoilage  of  meats,  many  in  appreciable  numbers,  emphasizes  the  im¬ 
portance  of  aseptic  methods. 

Once  meat  is  contaminated  with  microorganisms,  their  removal  is 
difficult.  Gross  soil  may  be  washed  from  surfaces,  but  the  wash  water- 
may  add  organisms.  Moldy  or  otherwise  spoiled  surface  areas  of  large 
pieces  of  meat,  especially  “hung,”  or  aged,  meat,  may  be  trimmed  off, 
but  this  should  not  be  considered  effective  as  a  preservative  method. 

Use  of  Heat 


The  canning  of  meat  is  a  very  specialized  technique  in  that  the  pro¬ 
cedure  varies  considerably  with  the  meat  product  to  be  preser\Td.  Most 
meat  products  are  low-acid  foods,  that  are  good  culture  media  for  any 
surviving  bacteria.  Rates  of  heat  penetration  range  from  fairly  rapid  in 
meat  soups  to  very  slow  in  tightly  packed  meats  or  in  pastes.  Chemicals 
added  to  meats,  such  as  spices,  salt,  or  nitrates  and  nitrites  in  curing 
processes,  also  affect  the  heat  processing,  usually  making  it  more  effec¬ 
tive.  Nitrates  in  meat  aid  in  the  killing  of  spores  of  anaerobic  bacteria  by 
heat  and  inhibit  germination  of  surviving  spores. 

Commercially  canned  meats  may  be  divided  into  twn  groups  on  tbe 
basis  of  the  heat  processing  used;  (1)  meats  that  are  heat-processed  in 
an  attempt  to  make  the  can  contents  sterile  or  at  least  “commerciallv 
sterile,”  as  for  canned  meats  for  shelf  storage  in  retail  stores;  and  (2) 
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meats  that  are  heated  enougli  to  kill  part  of  the  spoilage  organisms  hut 
must  he  kept  refrigerated  to  prevent  spoilage.  Canned  hams  and  loaves 
of  luncheon  meats  are  so  handled. 

Although  the  National  Canners  Association  publishes  minimum  heat 
processes  for  vegetables  and  fruits,  it  does  not  do  so  for  meats,  but 
recommends  that  a  research  laboratory  connected  with  the  canning 
industry  be  considted  for  directions.  Processes  that  have  been  used 
for  meat  products  in  1-lb  cans  at  250°F  ( 121°C )  are  45  min  for  boiled 
beef,  60  min  for  beef  stew,  55  min  for  veal  or  beef  loaf  and  corned 
beef  hash. 

Bvdletins  on  the  home  canning  of  meats  are  available  from  Federal  and 
state  agencies,  how'cver,  giving  processing  times  and  temperatures  that 


Table  14—1.  Kecomiuended  Process  Times  for  C’anned  Meat  in  a  Pressure 

Cooker  at  240° F  (115.5°C)f 


Produft 

.  d'iine 

Container  ,  .  , 

1  (niin) 

Beef . 

Quart  jars  ,  90 

Chicken . 

(Juart  jars  7.5 

Chicken,  lioned . 

(^uart  jars  t)0 

Pork . 

Pint  jars  75 

(Juart  jars  90 

Xo.  2  cans  05 

Xo.  3  cans  90 

t  r..S.  Depl.  Affr.  Tech.  Bull.  !>3(),  l‘)4(). 


allow'  a  good  margin  of  safetv.  Use  of  a  pressure  cooker  is  mandatory, 
and  the  meats  usuallv  are  precooked  to  facilitate  packing.  In  Table  14-1 
are  examples  of  recommendations  of  process  times  at  24()°P  (115.5°C). 

Heat  may  be  applied  to  meat  products  in  w'ays  other  than  in  canning. 
The  cooking  of  wieners  at  the  packing  plant  by  steam  or  hot  water  re- 
duct's  the  numbers  of  microorganisms  and  aids  in  the  preserxation.  Heat 
applied  during  the  smoking  of  meats  and  meat  products  helps  reduce 
microbial  numbers.  The  precooking  or  tenderizing  of  hams  r(*duces  bac¬ 
terial  numbers  somew'hat  but  does  not  sterilize.  Such  products  should  be 
refrigerated,  for  they  are  perishable  and  they  may  support  the  growth 
of  food-poisoning  organisms  if  they  are  held  at  room  temperatures.  Simi¬ 
lar  considerations  hold  for  cooked  sausages  like  frankfuiters  and  li\er 
sausage,  which  also  are  spiced,  but  should  be  kept  refrigefated.  The 
cooking  of  meats  for  direct  consumption  greatly  reduces  the  microbial 
content  and  hence  lengthens  the  keeping  time.  Precooked  frozen  meats 
should  contain  few'  viable  microorganisms. 
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Use  of  Low  Temperatures 

More  meat  is  preserved  by  the  use  of  low  temperatures  than  by  any 

other  method,  and  much  more  by  chilling  than  by  freezing. 

CJiiUino.  Modern  packing-house  methods  iinolve  the  chilling  of  meat 
promptly  and  rapidly  to  temperatures  near  freezing,  and  chilling  stoiage 
at  only  slightly  above  the  freezing  point.  The  more  prompt  and  rapid  this 
cooling,  the  less  opportunity  there  will  be  for  growth  of  mesophilic  micro¬ 
organisms.  The  principles  concerned  in  chilling  storage,  discussed  in 
Chapter  8,  apply  to  meats,  as  well  as  other  foods.  Storage  temperatures 
vary  from  29.5  to  36°F  (-1.4  to  2.2°C),  with  the  lower  temperatures 
favored  by  most  storage  men.  The  time  limit  for  chilling  storage  of  beef  is 
about  30  days,  depending  upon  the  numbers  of  microorganisms  piesent, 
the  temperature,  and  the  relati\'e  humidit}%  for  pork,  lamb,  and  mutton 
1  to  2  weeks,  and  for  veal  a  still  shorter  period.  Uncooked  sausage,  like 
uncured  pork  sausage  in  bulk  or  in  links,  must  be  preserved  by  refrigera¬ 
tion.  It  was  emphasized  in  Chapter  8  that  the  relativ^e  humidity  usually 
is  lowered  with  an  increase  in  storage  temperature.  Storage  time  can  be 
lengthened  by  storage  of  meats  in  an  atmosphere  containing  added  car¬ 
bon  dio.xide  or  ozone,  or  the  temperature  and  relative  humidity  can  be 
raised  without  shortening  storage  time.  Although  considerable  experi¬ 
mental  work  has  been  done  on  the  gas  storage  of  meats,  the  method  has 
not  been  used  much.  Ships  etpiipped  for  storage  of  meat  in  a  controlled 
atmosphere  of  carbon  dioxide  luwe  been  employed  successfully  to  carry 
meats  from  Australia  to  the  British  Isles.  Increasing  amounts  of  carbon 
dioxide  in  the  atmosphere  increasingly  inhibit  microorganisms  but  also 
hasten  the  formation  of  metmyoglobin  and  methemoglobin  and  hence 
the  loss  of  “bloom,”  or  natural  color  (see  Figure  14—1).  The  storage  life 
of  meat  has  been  doubled,  according  to  reports,  by  such  gas  storage. 
Experts  do  not  agree  upon  the  optimum  concentration  of  carbon  dioxide, 
recommendations  varying  from  10  to  30  percent  for  most  meats  and  up 
to  100  percent  for  bacon. 

Storage  time  also  can  be  increased  by  the  presence  of  2.5  to  3  parts 
per  million  of  ozone  in  the  atmosphere.  Storage  up  to  60  days  at  36°F 
(2.2°C)  and  92  percent  relative  humidity  without  development  of  molds 
or  slime  has  been  reported.  Ozone  is  an  active  oxidizing  agent,  however, 
that  may  give  an  oxidized  or  tallowy  fla\'or  to  fats.  It  has  been  obser\  ed 
that  while  the  levels  of  ozone  cited  will  inhibit  microorganisms,  much 
higher  concentrations  are  necessary  to  stop  growth  that  already  has 
begun. 

The  microorganisms  that  give  trouble  in  the  chilling  storage  of  meats 
are  the  psychrophilic  bacteria,  chiefly  of  the  genus  Pseudomonas,  al¬ 
though  bacteria  of  the  genera  Achromohaefer,  Micrococcus,  Lactolyacil- 
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Ills,  Streptococcus,  Leiiconostoc,  Pcdiococciis,  Fhivoljdcteriuiii,  and 
Proteus,  and  yeasts  and  molds  can  grow  in  meats  at  low  temperatures. 

Freezing.  Most  meat  sold  in  retail  stores  has  not  been  frozen,  but  freez¬ 
ing  often  is  used  to  preserve  meats  during  shipment  over  long  distances 
or  for  holding  until  times  of  shortage  and,  of  course,  considerable  fjuanti- 
ties  of  meat  now  are  frozen  in  home  freezers.  Large  pieces  of  mcHit,  e.g., 
halves  or  cjuarters,  are  sharp-frozen,  while  hamburger  and  smaller,  fancier 
cuts  may  be  quick-frozen  in  wrapped  packages.  .As  has  been  explained  in 
Chapter  8,  the  more  water  frozen  outside  the  meat  fibers,  the  more  dam¬ 
age  is  done  to  the  contents  of  the  meat  cells;  and  more  drip  results  on 
thawing  when  meat  is  frozen  slowlv  than  when  it  is  quick-frozen.  There 
is  less  drip  from  thawed  mutton  than  from  beef,  and  less  from  beef  than 
from  veal.  The  preserv^ation  of  frozen  meats  is  increasingly  effective  as 
the  storage  temperature  drops  from  10°F  toward  — 2()°F. 

Meats  for  freezing  are  subject  to  the  same  risks  of  contamination  by 
and  growth  of  microorganisms  as  meats  for  any  other  purpose.  The 
freezing  process  kills  about  half  the  bacteria,  and  numbers  decrease 
slowly  during  storage.  The  low-temperature  bacteria  that  grow  on  meat 
during  chilling,  species  of  Pseudomonas,  Achromohacter,  Micrococcus, 
Lactobacillus,  Flavohacterium,  and  Proteus,  can  resume  growth  during 
the  thawing  of  meat  if  this  is  done  slowly.  If  directions  are  followed, 
packaged,  cpiick-frozen  meats  are  thawed  too  rapidly  for  appreciable 
growth  of  microorganisms.  At  temperatures  above  15°C  (59°F)  there  is 
a  possibility  of  growth  and  toxin  production  bv  Clostridium  hotulinum 
in  thawed  meat  if  enough  time  is  allowed;  this  has  betai  known  to  happen 
with  fish.  It  has  been  reported  that  bacteria  and  spores  dried  in  meat  by 
freezing  are  more  resistant  to  salt,  curing  ingredients,  and  heat  than  their 
parent  strains. 

Use  of  Ravs 

Irradiation  with  ultraviolet  rays  has  been  used  in  conjunction  with 
chilling  storage  to  lengthen  the  keeping  time.  It  has  been  employed 
chiefly  on  large,  hung  pieces  of  meat  in  plant  storage  rooms  but  is  used 
some  in  coolers  in  retail  markets.  The  rays  ser\’e  to  reduce  numbers  of 
microorganisms  in  the  air  and  to  inhibit  or  kill  them  on  the  surfaces  of 
the  meat  reached  directly  bv  the  rays.  To  be  affected,  the  microorganisms 
must  be  on  the  immediate  surface,  unprotected  by  fatty  or  opafjue 
materials. 

Irradiation  also  is  used  in  the  rapid  aging  of  meats  “hung’  at  higher 
than  the  usual  chilling  temperatures  to  reduce  the  growth  of  micro¬ 
organisms,  especiallv  molds,  on  the  surface.  The  aging,  or  hanging,  proc¬ 
ess  is  for  the  purpose  of  tenderizing  the  meat  by  means  of  its  own 
proteolytic  enzymes  and  is  used  especially  for  obtaining  tender  steaks 
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and  other  fancy  cuts.  Ordinary  aging  is  for  several  weeks  at  36  to  38°F 
(0  9  to  3  3°C)  with  the  relative  humidity  between  80  and  90  percent 
and  an  air  movement  of  10  to  30  fpm,  but  with  exposure  to  ultraviolet 
rays  the  time  is  reduced  to  2  to  3  days  at  60  to  65°F  in  a  relative  humid¬ 
ity  of  85  to  90  percent.  Some  oxidation,  favored  by  ultraviolet  rays,  an 

hydrolysis  of  fats  may  take  place  during  aging. 

Electronic  irradiation  of  meats  still  is  in  the  experimental  stage.  When 
sterilization  is  effected,  undesirable  changes  in  color  and  flavor  may 

Eradiation  with  cathode  (beta)  rays  or  gamma  rays  has  been  used 
experimentally  in  the  preservation  of  small  cuts  or  packages  of  meat. 
As  was  stated  in  Chapter  11,  present  interest  is  in  irradiation  of  meats 
with  ionizing  rays  at  levels  lower  than  those  needed  for  sterilization, 
permitting  a  considerably  lengthened  storage  life  thereafter  at  chilling 
temperatures.  This  reduced  dose  of  rays  is  made  large  enough  to  kill 
most  of  the  important  spoilage  organisms  on  or  near  the  suiface  of  the 
meat,  without  noticeable  harm  to  color,  odor,  or  taste  of  the  meat. 


Preservation  by  Drying 

Drving  of  meats  for  their  preservation  has  been  practiced  for  centuries. 
Jerky,  or  sun-dried  strips  of  beef,  was  a  standaid  food  of  American 
pioneers.  Some  types  of  sausage  are  preserved  primarily  by  their  dryness. 
In  dried  beef,  made  mostly  from  cured,  smoked  beef  hams,  growth  of 
microorganisms  may  take  place  prior  to  processing  and  may  develop 
in  the  “pickle”  during  curing,  but  numbers  of  organisms  are  reduced  by 
the  smoking  and  drying  process.  Organisms  may  contaminate  the  dried 
ham  during  storage  and  the  slices  during  cutting  and  packing. 

Meat  products  like  the  dry  sausages,  dry  salamis,  and  dry  cervelats,  for 
example,  are  preserved  chiefly  by  their  low  moisture  content,  for  some 
varieties  are  not  smoked.  A  dry  outer  surface  on  the  casing  of  any  sausage 
is  protective. 

Older  methods  of  drying  meats  usually  combined  it  with  salting  and 
smoking.  Newer  methods  that  have  been  applied  to  beef  and  pork  in¬ 
volve  the  drying  of  cooked  meat.  Beef  is  deboned,  cut  into  cubes,  cooked 
under  steam  pressure,  ground,  dried  by  a  rotary  drier  to  about  10  percent 
moisture,  and  compressed  in  cans.  Upon  cooling  the  beef  reabsorbs  all 
of  the  juices  surrounding  the  meat.  Pork  is  cooked  for  1.5  to  2  hr,  after 
which  the  liquor  and  fat  are  scjueezed  out  by  means  of  a  hydraulic  press. 
The  fat  is  skimmed  off,  and  the  liquor  is  evaporated  to  a  gravy.  The  press 
cake  is  ground  and  dried  to  about  5  percent  of  moisture  and  to  it  is 
added  the  concentrated  gravy  and  part  of  the  fat  that  had  been  removed. 
Because  of  the  instability  of  pork  fat  an  antioxidant  also  is  added,  gum 
guaiac,  for  example.  Salt  may  be  added  to  the  beef  or  pork.  Another 
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iiietliocl  ot  drying  pork  involves  a  short  nitrate-nitrite  enre  of  tlie  meat 
before  drying  and  addition  of  lecitliin  as  an  antioxidant  and  stal)ilizer. 
Drying  may  be  by  vacuum,  in  trays,  or  by  other  methods.  The  final  prod¬ 
uct  keeps  without  refrigeration. 

Meat  for  drying  should  be  of  good  bacteriological  cjualitx',  without 
previous  development  of  appreciable  numbers  of  microorganisms  or  of 
undesirable  flavor. 


Use  of  Preservatives 


The  utilization  of  a  controlled  atmosphere  containing  added  carbon  di¬ 
oxide  or  ozone  in  the  chilling  storage  of  meats  has  been  discussed.  The  use 
of  sulfur  dioxide  to  give  an  unnaturally  bright  red  color  to  meats  is  pro¬ 
hibited.  Preserx  ation  bv  licavv  salting  is  an  old  method  that  usually  re¬ 
sults  in  an  inferior  product.  Ordinarily  salting  is  combined  with  curing 
and  smoking  in  order  to  be  effective. 

Curing.  The  curing  of  meats  is  limited  to  beef  and  pork,  either  ground 
meat  or  certain  cuts  like  the  hams,  butts,  jowls,  sides,  loins,  and  bellies 
of  hogs,  and  the  hams,  brisket,  and  leg  muscles  of  beef.  Originally,  curing 
of  meats  was  for  the  purpose  of  preser\'ing  by  salting  without  refrigera¬ 
tion,  but  most  cured  meats  of  the  present  day  have  additional  ingredients 
added  and  are  refrigerated,  and  many  also  are  smoked,  and  hence  dried 
to  some  extent.  The  curing  agents  permitted  are  sodium  chloride,  sugar, 
sodium  nitrate,  sodium  nitrite,  and  \'inegar,  but  only  the  fiist  foiii  are 


*fcommonly  used.  The  functions  of  the  ingredients  are  as  follows: 

vSodinm  chloride,  or  common  salt,  is  used  primarily  as  a  preservativ'C 
and  flavoring  agent.  The  cover  pickle,  used  for  immersing  the  meat,  may 
contain  about  15  percent  of  salt,  in  contrast  to  the  pumping  pickle,  in¬ 
jected  into  the  meat,  which  has  a  higher  concentration,  approximating  24 

percent. 

Sugar  adds  flavor  and  also  serves  as  food  for  energx'  for  nitrate-reduc¬ 
ing  bacteria  in  the  curing  solution  or  pickle.  Sucrose  is  used  chiefly,  but 
glucose  can  be  substituted  if  a  short  cure  is  employed. 

Sodium  nitrate  indirectly  is  a  color  fixative  and  is  bacteriostatic  in  acid 
solution,  especially  against  anaerobes.  It  also  ser\'es  as  a  reserxoir  from 
wfliich  nitrite  can  be  formed  by  bacteiial  i eduction. 

Sodium  nitrite  is  the  source  of  nitric  oxide  which  is  the  real  color 
fixative  and  has  some  bacteriostatic  effect  in  acid  solution. 

The  purplish-red  color  of  meats  (Figure  14-1)  is  due  to  blood  hemo¬ 
globin  and  muscle  myoglobin,  and  oxygenation  of  these  compounds  pro¬ 
duces  oxyhemoglobin  and  oxymyoglobin,  which  are  bright-red.  Under 
acid  and^  reducing  conditions'  in  the  presence  of  nitrite,  the  red  nitric 
oxide  myoglobin  and  hemoglobin  are  produced  from  myoglobin  and 
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hemoglobin.  The  acid  condition  is  produced  by  the  meat  itself,  the  re¬ 
duced  condition  by  the  bacteria,  and  the  nitric  oxide  for  the  reaction  by 
reduction  of  the  nitrite. 

There  are  four  methods  for  introducing  the  curing  agents  into  meat: 
( 1 )  the  dry  cure,  in  which  diy  ingredients  are  rubbed  into  the  meat,  as 
in  curing  belly  bacon;  (2)  the  pickle  cure,  in  which  the  meats  are  im¬ 
mersed  in  a  solution  of  the  ingredients;  (3)  the  injection  cure,  in  which 
a  concentrated  solution  of  the  ingredients  is  injected  by  needle  into  the 
arteries  and  veins  of  the  meat  via  an  artery  or  into  the  muscular  tissue  in 
various  parts  of  the  meat,  as  is  done  with  pork  hams;  and  (4)  direct- 
addition  method,  in  which  the  curing  agents  are  added  directly  to  finely 
ground  meats,  such  as  sausage,  and  aid  in  their  preservation. 


MYOGLOBI^ 
(purplish  red) 

I  nitrous 
f  acid 
NITRIC  OXIDE 
MYOGLOBIN 


o.xygen 


oxidation 


reduction 


oxygen 
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NITRIC  OXIDE  bacteria,  oxygen 

HEMOCHROMOGEN - ^ — 
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OXIDIZED 
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(pink)  chemicals,  light  (green,  yellow, 

colorless) 

Fig.  14—1.  Color  changes  that  may  occur  during  the  handling  and  curing  of  meats. 
(From  Circ.  2,  American  Meat  Institute  Foundation.  Similar  changes  take  place  in 
the  blood  pigment,  hemoglobin. ) 


The  curing  temperature,  especially  when  a  pickling  solution  is  em¬ 
ployed,  usually  is  about  2.2  to  3.3°C  (36  to  38°F),  and  the  time  of  the 
cure  varies  with  the  methods  used  and  the  meats  to  be  cured.  The  older 
methods  of  curing  in  the  pickle  require  several  months,  but  the  newer 
quick  cure,”  in  which  the  pickling  solution  is  pumped  into  the  meat, 
greatly  shortens  that  time. 

Although  the  bacteriology  of  curing  solutions  has  been  investigated 
by  a  number  of  workers,  comparatively  little  is  known  about  species 
present.  In  most  solutions  a  mixture  of  a  number  of  kinds  of  bacteria  has 
been  reported,  although  in  some  instances  apparently  pure  cultures  of 
micrococci  or  rods  have  been  found.  It  is  obvious  that  bacteria  that  grow 
in  the  solutions  must  tolerate  15  to  25  percent  salt  and  must  be  able  to 
grow  at  low  temperatures  in  the  range  2.2  to  3.3°C  (36  to  38°F).  Bac¬ 
teria,  to  be  useful  in  curing,  must  be  able  to  reduce  nitrates  to  nitrites. 
Species  of  Micrococcus  must  be  active  in  many  of  the  pickling  solutions 
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and  have  been  found  especially  in  the  pickling  solutions  of  high  salt  con¬ 
centration  used  in  curing  British  and  Canadian  bacons.  Still  less  is  known 
about  anv  bacteria  connected  with  the  drv  cure  and  the  addition  of 
curing  ingredients  to  ground  meats. 

Most  meats  are  smoked  after  curing  to  aid  their  preservation;  but 
others,  like  corned  beef,  are  not  smoked,  but  then  must  be  refrigerated. 

Some  tvpes  of  sausage,  such  as  Thuringer,  cerv'elat,  Lebanon,  bologna, 
the  salamis,  and  the  drv  and  semidrv  summer  sausages,  undergo  an  acid 
fermentation,  preferably  of  a  mixed  lactic  acid  kind,  during  their  curing. 
This  not  only  has  a  preservative  effect,  preventing  undesirable  fermenta¬ 
tions,  but  also  adds  a  desired  tangy  flavor.  Many  processors  carry  over 
the  mixed  lactic  flora  from  a  previous  lot  of  sausage,  but  Niven  has  sug¬ 
gested  inoculation  with  pure  cultures  of  Pediococcus  cerevisiae  to  favor 
the  desired  lactic  fermentation. 

Vinegar  is  added  to  the  pickling  solution  in  the  preservation  of  foods 
like  pickled  pigs’  feet,  pickled  spiced  beef,  and  souses.  Pigs  feet  are 
cured  in  a  solution  of  salt,  sodium  nitrate,  and  sodium  nitrite,  cooked, 
and  then  held  in  a  brine  of  salt  and  vinegar.  Then  they  are  packed  into 
jars  or  other  containers  and  covered  with  a  fresh  salt-vinegar  brine,  and 
the  jar  is  sealed.  Unless  the  acidity  is  unduly  low,  the  product  will  not 
spoil. 

Smoking.  Use  of  wood  smoke  as  a  preservative  has  been  discussed  in 
Chapter  10,  where  it  was  pointed  out  that  smoking  has  two  main  pur¬ 
poses,  to  add  desired  flavors  and  to  aid  in  preservation.  It  was  noted 
that  the  preservative  substances  added  to  the  meat,  together  with  the 
action  of  the  heat  during  smoking  have  a  germicidal  effect,  and  that  the 
dr\'ing  of  the  meat  together  with  chemicals  from  the  smoke  inhibit 

microbial  growth  during  storage. 

Older  methods  of  curing  and  smoking,  where  high  salt  concentrations 
were  used  in  curing  and  greater  drying  and  incorporation  of  preservative 
chemicals  was  accomplished  in  smoking,  produced  hams,  dried  beef,  etc., 
that  would  keep  without  refrigeration.  Many  of  the  newer  methods,  how¬ 
ever,  vield  a  perishable  product  that  must  be  refrigerated.  Precooked  or 
tenderized  hams  and  sausages  of  high  moisture  content  are  examples. 

Spices.  Spices  and  condiments  added  to  meat  products  like  meat  loaves 
and  sausages  are  not  in  concentrations  high  enough  to  be  preservative, 
but  they  mav  add  their  effect  to  those  of  the  other  preservative  factors. 
Certainly  products  like  bologna,  Polish,  or  frankfurter  and  other  sausages 
owe  their  keeping  cpiality  to  the  combined  effect  of  spicing,  curing,  smo  - 

ing  (drv'ing),  cooking,  and  refrigerating. 

Antifuotics.  Although  in  this  countrv  the  only  permitted  use  of  anti- 
liintics  in  flesti  foods  now  is  in  poultry,  experiments  have  inclieated  that 
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antibiotics  can  be  used  successfully  in  meats  to  prolong  storage  life  at 
chilling  or  higher  temperatures.  The  antibiotics  most  often  recommended 
have  been  chlortetracycline,  oxytetracycline,  and  chloramphenicol  The 
antibiotics  may  be  applied  to  meats  in  various  ways:  (1)  the  antibiotic 
may  be  fed  the  animal  over  a  long  period,  (2)  it  may  be  fed  more  in¬ 
tensively  for  a  short  period  before  slaughter,  (3)  it  may  be  infused  into 
the  carcass  or  into  parts  of  it,  or  (4)  it  may  be  applied  to  the  surface  of 
pieces  of  meat  or  mixed  with  comminuted  meat.  The  feeding  of  an  anti¬ 
biotic  brings  about  a  selection  of  microorganisms  in  the  animal’s  intestinal 
I  tract,  presumably  reducing  the  numbers  of  spoilage  bacteria  there  and 
I  therefore  reducing  the  numbers  that  are  likely  to  reach  the  meat  from 
that  source  during  slaughter  and  dressing.  It  has  been  suggested  that 
injection  of  antibiotic  before  slaughter  might  be  employed  to  prolong 
the  keeping  time  of  carcasses  at  atmospheric  temperatures  before  they 
reach  the  refrigerator  or  to  hold  beef  briefly  at  temperatures  tbat  will 
favor  tenderization  of  special  cuts,  as  well  as  lengthen  the  keeping  time 
of  meats  held  at  chilling  temperatures.  Infusion  of  an  antibiotic  into  the 
carcass  immediately  after  slaughter  or  into  special  parts  would  serve 
similar  purposes.  Storage  life  of  meats  could  be  lengthened  by  means  of 
an  antibiotic  dip,  such  as  that  now  permitted  for  poultry,  or  by  inclusion 
of  antibiotic  in  ground  meats. 

FISH  AND  OTHER  SEAFOOD 

Of  all  of  the  flesh  foods  fish  is  the  most  susceptible  to  autolysis,  to  oxi¬ 
dation  and  hydrolysis  of  fats,  and  to  microbial  spoilage.  Its  preservation, 
i  therefore,  involves  prompt  treatment  by  preservative  methods,  and  often 
^  these  methods  are  rigorous  compared  to  those  used  on  meats.  When  fish 
are  gathered  far  from  the  processing  plant,  preservative  methods  must  be 
applied  even  on  the  fishing  boat.  The  unavoidable  contamination  to 
which  fish  and  other  seafood  are  subjected  has  been  mentioned  in 
Chapter  5. 

Aseptic  methods  to  reduce  the  contamination  of  seafood  are  difficult 
to  apply,  but  some  of  the  gross  eontamination  prior  to  processing  can  be 
avoided  by  general  cleansing  and  sanitization  of  boats,  decks,  holds,  bins, 
or  other  containers  and  processing  erjuipment  in  the  plant  and  by  use  of 
ice  of  good  bacteriological  quality.  Tlie  removal  of  soil  from  contaminat¬ 
ing  surfaces  and  from  the  fish  by  adequate  cleansing  methods,  including 
effective  detergent  solutions,  helps  greatly  to  reduce  the  microbial  “load” 
on  the  fish. 

The  removal  of  organisms  is  difficult,  but  the  fact  that  most  of  the 
contamination  is  on  the  outer  surface  of  the  fish  and  other  seafood  per- 
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niits  the  removal  of  many  of  the  microorganisms  by  washing  off  slime 
and  dirt. 

Use  of  Heat 

C’anning  has  proved  to  be  a  successful  method  for  preserving  seafoods. 
Like  meats  tliey  are  low-acid  foods  and  for  the  most  part  have  a  slow 
rate  of  heat  penetration  and  hence  are  difficult  to  heat-process.  Also  some 
kinds  of  seafoods  soften  considerably  or  even  fall  apart  when  steriliza¬ 
tion  in  the  can  is  attempted. 


Table  14—2.  Recommended  Heat  Processes  for  Canned  Marine  Prodnctsf 


I’roduct 

Can  name 

Initial 

temp(‘rature 

(°F) 

Time  at 

210°F 

2.50°  F 

(min 

(min) 

Crab  moat  (brine),  no  liner . 

^2  tuna 

70 

8.5 

20 

Maekerel  (brine) . 

8Z  tall 

70 

75 

(50 

180 

70 

.50 

Ov.sters,  eove . 

No.  1 

70 

24 

14 

Salmon . 

Hat 

00 

75 

Shrimp  (wet) . 

Xo.  1 

70 

20 

14 

00 

25 

18 

Tuna  (oil) . 

}A  tuna 

70 

75 

55 

t  From  \fitl.  Conners  Assor.  Bull.  2()-L,  8th  (*d.,  Iho.o.  These  |)roee.ss('.s  may  he 
revised  in  a  new  edition. 


Some  seafoods,  e.g.,  ovsters,  are  packed  into  cans  and  are  not  heat- 
processed,  l:)ut  are  preserxed  bv  refrigeration.  few  kinds  are  pasteur¬ 
ized,  CTid)  meat,  for  example,  and  refrigerated  until  use.  Most  canned 
seafoods,  however,  are  heat-processed  so  as  to  be  sterile,  or  at  least 
“commerciallv  sterile.”  The  process  necessary  varies  with  the  product 
lieing  canned  and  the  size  and  shape  of  the  container.  In  general  the 
heat  processes  are  greater  than  those  used  for  meats,  but  some  special 
products  are  lightly  processed.  A  few  recommendations  for  minimum 
processes  for  marine  products  giv’cn  bv  the  National  Canners  Association 
are  shown  in  Table  14—2. 

The  cooking  of  fish  or  other  seafood  for  human  consumption  reduces 
their  content  of  viable  microorganisms  and  lengthens  their  keeping  time. 

Ihsc  of  Low  Temperatures 

It  is  only  after  death  of  the  fish  or  other  .sea  animal  that  autolysis  gets 
underway  with  softening  and  production  of  off-flavor,  and  microhial 
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growth  becomes  uncontrolled;  these  changes  may  be  delayed  somewhat 
by  rir^or  mortis.  Oysters  in  their  shells,  for  example,  will  not  decompose 
so  long  as  they  remain  alive,  and  life  is  lengthened  by  chilling  storage 
of  shell  oysters.  Carp  seined  from  Middle  Western  lakes  have  been  kept 
alive  and  hence  in  good  condition  by  shipment  in  tanks  to  the  New  York 
market.  “Feedy”  fish,  that  is  those  stuffed  with  food,  seem  to  decompose 

faster  than  normal  fish. 

ChilUng.  Because  fish  flesh  autolyzes  and  the  fats  become  oxidized  at 
temperatures  above  freezing — rapidly  at  summer  temperatures  and  moie 
slowly  as  the  temperature  is  dropped  toward  freezing— preservation  by 
chilling  temperatures  is,  at  best,  temporary.  W  hen  fish  or  other  seafood 
is  obtained  at  some  distance  from  the  receiving  plant,  the  necessity  for 
chilling  on  the  boat  depends  upon  the  kind  of  fish,  whether  it  is  dressed 
there  or  not,  and  the  atmospheric  temperature.  In  general,  small  fish  are 
more  perishable  than  large  ones;  and  dressed  fish  autolyze  more  slowly 
than  whole  fish  but  are  spoiled  more  readily  by  bacteria.  Wdien  outside 
temperatures  are  warm  and  distances  of  transportation  are  great,  it  be¬ 
comes  necessary  to  chill  the  fish  and  related  foods  on  the  fishing  boat 
by  packing  in  crushed  ice  or  by  mechanical  refrigeration  in  order  to  slow 
down  autolysis  and  microbial  growth  until  the  products  are  marketed  or 
are  processed  for  longer  preservation.  The  incorporation  of  preservatives 
in  the  ice  used  for  chilling  fish  will  be  discussed  later.  The  time  allowable 
for  holding  in  ice  or  in  chilling  storage  will  vary  considerably  with  the 
kind  of  fish  or  other  seafood,  but  wall  not  be  long  in  most  instances.  In 
general,  chilling  storage  on  shore  is  useful  only  wflien  retail  markets  are 


near  at  hand  and  turnover  is  rapid.  Otherwise,  some  other  method  of 
preservation  is  applied,  such  as  freezing,  salting,  drying,  smoking,  or  can¬ 
ning,  or  combinations  of  these  methods. 

Freezing.  Most  of  the  modern  methods  of  freezing  foods  w’ere  devel¬ 
oped  first  for  freezing  fish.  In  olden  days,  ice  with  added  salt  wais  em¬ 
ployed.  Wfith  the  advent  of  mechanical  refrigeration,  sharp  freezing  wais 
employed  and  the  fish  were  “glazed,”  that  is,  a  layer  of  ice  wars  frozen 
around  the  outside.  Whole  fish,  especially  the  larger  ones,  usually  are 
sharp-frozen  in  air  or  in  a  salt  brine.  Quick  freezing  is  applied  to  wrapped 
fillets  or  steaks,  although  whole  smaller  fish  may  be  so  frozen.  As  wath 
meats,  quick-frozen  fish  thaw^  to  more  like  their  original  condition  than 


do  fish  frozen  more  slowfly. 

Decapitated  raw  shrimp  are  frozen  and  glazed,  and  some  cooked 
shrimp  are  frozen.  Other  seafoods  preserved  by  freezing  include  scallops, 
clams,  oysters,  spiny  lobster  tails,  and  cooked  crab  and  lobster  meat.  Most 
of  these  products  are  packaged  before  freezing. 

As  wath  meats,  freezing  kills  part  but  not  all  of  the  microorganisms 
present,  and  growth  will  take  place  after  thawang  if  time  is  allowed  for 
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that  growtli.  Fish  carry  a  flora  of  psycliropliilic  bacteria  from  the  start. 
Most  of  them  survive  freezing  and  are  ready  to  grow  on  tliawing,  e.g., 
psychrophiles  like  Pseudomonas,  Achromobacter,  and  Flavobacterium 
species. 

Use  of  Rays 

Preservation  of  fish  by  ultraviolet  rays  has  been  tried  but  not  put  into 
practice.  Experiments  have  indicated  that  gamma  or  catliode  irradiation 
of  some  kinds  of  fish  may  be  successful. 

Preservation  by  Drving 

The  dry  salting  of  fish  or  immersion  in  brine  constitutes  a  method  of 
drying,  in  that  moisture  is  remov'ed  or  tied  up.  Oxidation  of  fish  oils  is 
not  retarded  and  may  cause  deterioration.  Salting  of  fish  is  being  done 
to  a  lesser  extent  in  the  United  States  than  formerly  but  still  is  used 
widely  throughout  the  world.  Salt  cod  is  prepared  by  a  combination  of 
salting  and  air  drying.  The  flesh  is  then  remov’ed  from  bones  and  skin. 

Sun  drying  of  fish,  either  of  small  fish  or  of  strips  of  flesh  is  not 
practiced  extensively  in  this  countrv. 

Part  of  the  preservative  effect  of  smoking  is  the  result  of  the  drying  of 
the  fish. 

Use  of  Preservatives 

The  salting  or  marination  of  fish  by  drv  salt  or  in  brine  is  effective  not 
onlv  because  of  the  drving  effect,  mentioned  in  the  preceding  section, 
but  also  because  of  the  effect  of  the  sodium  chloride  as  a  chemical  pre¬ 
servative.  This  method  is  used  to  a  considerable  extent  in  many  countries 
of  the  world.  The  chemical  and  bacteriological  qualities  of  the  salt  are 
important,  for  impurities  such  as  calcium  and  magnesium  salts  may 
hinder  the  penetration  of  the  sodium  chloride,  and  halophilic  or  salt- 
tolerant  bacteria  that  are  introduced  may  cause  discolorations  of  the  fish. 

Because  of  the  great  perishability  of  fish,  investigators  have  tried  nu¬ 
merous  chemicals  as  preservativ’es,  either  applied  directly  to  the  fish  or 
incorporated  in  the  ice  used  in  chilling  them. 

Preservatives  Used  on  Fish.  In  the  intensive  search  for  chemical  pre¬ 
servatives  that  could  be  applied  directly  to  round  fish  or  fillets  or  as  dips, 
a  large  number  of  chemicals  have  been  tried,  ranging  from  those  that 
most  control  agencies  would  approve  to  those  whose  use  would  be  ques¬ 
tionable.  Sodium  chloride,  an  acceptable  preservative,  has  been  discussed. 
Curing  of  fish  may  be  “mild,”  that  is,  with  light  salting,  or  may  be  in 
heavy  brine  or  witli  solid  salt,  and  may  be  followed  by  smoking.  Benzoic 
acid  and  benzoates  hav'e  been  onlv  moderatelv'  successful.  Sodium  and 
potassium  nitrites  and  nitrates  have  been  reported  to  lengthen  tne  keep¬ 
ing  time  and  are  permitted  in  some  countries.  Sorbic  acid  has  been  found 
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to  delay  spoilage  of  smoked  or  salted  fish.  Boric  acid  has  been  used  in 
Europe  with  some  improvement  in  the  keeping  quality,  but  its  use  is  i  - 
legal  here.  Other  chemicals  for  which  claims  of  success  have  been  made, 
but  whose  use  is  contraindicated,  include  formaldehyde,  hypochlorites, 
hydrogen  peroxide,  sulfur  dioxide,  undecylenic  acid,  capric  acid,  p- 
oxybenzoic  acid,  and  chloroform. 

Antibiotics  also  have  been  tried  experimentally,  usually  in  a  dip  or  m 
ice.  Of  those  tested,  chlortetracycline  and  oxytetracycline  seemed  best, 
chloramphenicol  fairly  effective,  and  penicillin,  streptomycin,  and  sub- 
tilin  poor  or  useless.  Some  of  the  objections  to  the  use  of  antibiotics  as 

preservatives  for  food  are  listed  on  page  138. 

Storage  of  fish  in  an  atmosphere  containing  over  20  percent  of  carbon 
dioxide  has  been  found  to  lengthen  the  keeping  time,  but  this  method 
has  not  come  into  commercial  use. 

Pickling  of  fish  may  mean  salting  or  acidification  with  vinegar,  wine, 
or  sour  cream,  and/or  both.  Herring  is  treated  in  \'arious  ways:  salted, 
spiced,  and  acidified.  Various  combinations  of  these  treatments,  coupled 
with  an  airtight  container,  preserve  the  fish,  although  refrigeration  also 
must  be  employed  for  some  products. 

Formerly,  fish  was  smoked  primarily  for  its  preservation,  and  the  smok¬ 
ing  was  heavy,  but  now  that  canning,  chilling,  and  freezing  are  available 
to  lengthen  keeping  time,  much  of  the  smoking  of  fish  is  primarily  for 
flavor  and  hence  is  light.  The  smoke  treatment  and  other  preser\'ative 
methods  combined  with  it  vary  with  the  kind  of  fish,  size  of  pieces,  and 
keeping  time  desired.  Fish  to  be  smoked  usually  are  eviscerated  and 
decapitated,  but  may  be  in  the  round,  split,  or  cut  into  pieces.  Commonly, 
salting,  light  or  heavy,  precedes  smoking  and  serves  not  onlv  to  flavor 
the  fish  but  also  to  improve  its  keeping  qualitv  by  reducing  the  moisture 
content.  Drying  may  be  aided  by  air  currents.  The  smoking  may  be  done 
at  comparatively  low  temperatures,  80  to  100°F  (26.7  to  37.8°C),  or  at 
high  temperatures  like  150  to  200°F,  which  result  in  partial  cooking  of 
the  fish. 

The  principles  of  preservation  involved  in  smoking  fish  are  similar  to 
those  discussed  in  Chapter  10. 

Preservatives  Incorporated  in  Ice.  So-called  “germicidal  ices”  are  pre¬ 
pared  by  adding  a  chemical  preservative  to  water  prior  to  its  freezing. 
These  ices  are  eutectic  when  the  added  chemical  is  uniformly  distributed 
throughout,  as  with  sodium  chloride,  or  noneutectic,  when  distribution  is 
not  uniform,  as  with  sodium  benzoate.  Noneutectic  ice  is  finely  crushed 
for  use  on  fish  so  as  to  get  the  chemical  evenly  spread  in  it. 

Many  investigators  have  sought  the  ideal  chemical  to  be  incorporated 
in  ice  for  icing  fish  and  have  tested  with  some  success  a  large  number  of 
chemicals,  including  hypochlorites,  chloramines,  benzoic  acid  and  ben¬ 
zoates,  colloidal  silver,  hydrogen  peroxide,  ozone,  sodium  nitrite,  sulfona- 
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initles,  antibiotics,  propionates,  levulinic  acid,  and  many  others.  The 
Canadian  government  now  permits  the  incorporation  of  chlortetracycline 
( Aureomycin )  in  ice  to  be  used  by  fishermen  to  preserve  fish  on  trawlers 
and  during  transportation. 

The  purpose  of  the  application  of  preservative  chemicals  to  fish  either 
directlv  or  as  dips  or  germicidal  ices  is  to  kill  or  inhibit  microorganisms 
on  the  surfaces  of  the  fish  where  at  first  they  are  most  numerous  and 
active. 

Antioxidants.  Fats  and  oils  of  many  kinds  of  fish,  especially  the  fatter 
ones,  such  as  herring,  mackerel,  mullet,  and  salmon,  are  composed  to  a 
great  extent  of  unsaturated  fatty  acids  and  hence  are  subject  to  oxidative 
changes  producing  oxidative  rancidity  and  sometimes  undesirable  alter¬ 
ations  in  color.  To  counteract  these  undesirable  changes,  antioxidants 
may  be  applied  as  dips,  coatings,  glazes,  or  gases.  Good  results  have  been 
reported  with  nordihydroguaiaretic  acid,  ethyl  gallate,  ascorbic  acid,  and 
other  compounds  and  with  storage  in  carbon  dioxide. 
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CHAPTER  15  Fresewation  of  Eggs  cind  Poultry 


Methods  for  the  preserv^ation  of  eggs  and  poultry  have  received  consider¬ 
able  attention  because  of  the  perishability  of  these  foods.  Their  preserva¬ 
tion  will  be  dealt  with  separately. 

EGGS 

As  is  indicated  in  Chapter  5,  the  contents  of  the  majority  of  freshly 
laid  eggs  are  sterile,  but  the  outside  of  the  shell  becomes  contaminated 
immediately  when  the  egg  is  laid,  chiefly  from  hen  feces  and  the  nest. 
Haines  found  in  eggshells  species  of  Achromohacier,  Fseudomonas,  A1- 
caligenes,  Flavobacteriiim,  Proteus,  Bacillus,  Micrococcus,  and  Strepto¬ 
coccus,  as  well  as  coliform  bacteria  and  molds.  The  protection  of  the 
shell  egg  against  microbial  attack  by  commonly  used  methods  depends 
upon  keeping  the  shell  dry  and  the  egg  cool  and  avoiding  destruction  of 
the  thin  surface  layer  of  proteinaceous  material  on  the  shell  known  as 
the  “bloom.”  The  rates  of  physical  and  chemical  changes  within  the  eggs 
will  depend  upon  the  time  and  temperature  of  holding  and  the  relative 
humidity  and  composition  of  the  atmosphere  about  the  eggs.  The  effect 
of  special  treatments  of  the  shell  on  the  keeping  quality  of  the  egg  will 
be  discussed  below. 

Asepsis 

Greater  care  is  taken  nowadays  than  formerly  to  reduce  the  contamina¬ 
tion  of  the  outside  of  the  shell  with  hen  feces  and  dirt  from  the  nests. 
When  eggs  are  broken  for  drying  or  freezing,  care  is  taken  to  keep  out 
those  in  which  microbial  growth  has  taken  place  and  to  reduce  contami¬ 
nation  from  equipment  by  adequately  cleansing  and  sanitizing  it. 

Removal  of  Microorganisms 

Because  dirty  eggs  command  a  lower  price  than  clean  ones,  various 
methods  have  been  tried  for  the  removal  of  this  soil.  Dry  cleaning,  as  bv 
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sandblasting,  removes  dirt  and  also  the  bloom.  Washing  with  warm,  plain 
water  removes  dirt,  the  bloom  (mucin),  and  part  of  the  microorganisms, 
but  encourages  the  penetration  of  bacteria  into  the  egg  through  the  pores 
in  the  shell.  Unless  precautions  are  taken,  the  wash  water  will  build  up 
numbers  of  spoilage  bacteria  so  that  increased  contamination  will  take 
place  during  washing.  Experiments  have  showm  that  hand-washed  eggs 
are  more  subject  to  rotting  than  unwashed  ones,  and  that  machine- 
washed  eggs  show  more  rots  than  hand-washed  ones.  The  amount  of 
rotting  that  results  varies  with  the  kind  of  washing  machine  and  the  kind 
of  washing  solution.  Attempts  to  reduce  contamination  with  rot  bacteria 
by  cleansing  of  machines  and  disinfection  with  1  percent  hypochlorite 
solution  have  not  always  been  successful,  but  use  of  that  disinfectant 
solution  as  the  wash  water  has  reduced  the  percentage  of  rots  in  the 
washed  eggs.  Lye,  acids,  formalin,  h)T0ochlorites,  quaternary  ammonium 
compounds^  various  detergents,  ‘and  detergent-sanitizer  combinations 
have  been  tried  in  washing  solutions,  with  strong  hypochlorite  solution 
or  a  detergent-sanitizer  solution  receiving  the  strongest  recommendations^ 
These  solutions  are  used  wlirm  or  hot,  at  temperatures  ranging  from  90 
to  140°F  (32.2  to  60°C),  depending  upon  the  chemicals  employed.  . 
warm  washing  solution  is  essential  so  that  the  licpiid  will  not  be  draum 
into  the  cool  egg.  These  chemical  solutions  not  only  remove  microorgan¬ 
isms  but  also  kill  many  of  them. 


Use  of  Heat 


The  heat  coagulahilitv  of  the  egg  wliite  determines  to  a  great  eNtcnt 
the  maximum  heat-treatment  tliat  can  be  given  shell  eggs.  Scott  and  co¬ 
workers  in  Australia  have  determined  the  maximum  time  at  <  i  eren 
temperatures  for  heating  in  water  that  will  just  avoid  coagulation;  for 
example  800  sec  at  57..5°C  .320  sec  at  BO^C  (140  F)  and 

108  sec  at  62..50C  (144..50F).  Temperatures  of  6.5oC  (WO^F)  or  above 
r;!ured  in  some  coagulation  of  the  white  when 

employed  that  would  control  rotting.  Rotting  was  well  controlkd,  fo 
insLce,  by  heating  at  60oC  (IdO^F)  for  320  sec.  Heating  m  water  uas 

T7eutmeir\ug|ested  by  other  workers  inclmle 

oil  for  10  min  at  60oC  It 

•ind  hcatinC  of  egg  contents  at  61.7^C>  t  )  ror  ou 

shell  eggs  in  liming  water  for  a  few  seconds  has  been  suggested  or  in 
hot  oil  (13.5°F  or  57.2°C)  uath  or  without  a  vacuum.  Immersion  of  .  gw 
iralt  deUgent-sanitJr  solution  (at  110  to  130  F.  or  43.3  to  .>1.4  C 
has  been  recommended,  the  sanitizer  being  a  .^,uaternary  , 

compound.  A  new  “tliermostabilization”  metho.l  of 
water  reduces  evaporation  of  moisture  from  the  egg  by  a  s  ig  i  toagu  • 
rtf  fho  outermost  part  of  the  egg  albumin. 


Preservation  of  Eggs  and  Poultry 


199 


Use  of  Low  Temperatures 

Tlie  most  common  metliocl  of  preservation  of  eggs  is  by  use  of  low 
temperatures — using  chilling  temperatures  for  shell  eggs  and  freezing 
for  egg  “meats/’  Oiling,  gas  storage,  or  treatment  with  chemical  preserv¬ 
atives  may  be  combined  with  the  ehilling  of  shell  eggs. 

Chilling.  In  this  country  most  shell  eggs  are  preserved  by  chilling.  They 
are  selected  for  storage  on  the  basis  of  their  general  appearance  and  the 
result  of  “candling.”  To  candle  an  egg  it  is  held  and  rotated  in  front  of 
a  light  to  examine  it  for  defects  such  as  cracks,  rots,  molds,  blood,  de¬ 
veloping  embryo,  crusted  or  sided  yolk,  weak  white,  or  large  air  eell.  The 
eggs  should  be  cooled  as  promptly  as  is  practicable  after  production  and 
held  at  a  temperature  and  a  relative  humidity  that  will  depend  upon  the 
anticipated  time  of  storage.  The  lower  the  relative  humidity  is  below 
99.6  percent,  the  more  rapidly  the  egg  will  lose  moisture  and  hence 
weight,  and  the  larger  the  air  eell  will  become.  The  higher  the  tempera¬ 
ture  is  above  29°F  ( — 1.67°C),  the  more  rapid  will  be  penetration  of 
microorganisms  into  the  egg  and  growth  there,  as  w'ell  as  physieal  and 
chemical  changes  like  thinning  of  the  white  and  weakening  of  the  yolk 
membrane.  For  commercial  storage  for  6  months  or  longer  a  temperature 
of  29  to  31  °F  ( — 1.7  to  — 0.55°C)  and  a  relative  humidity  of  80  to  85 
percent  are  reeommended,  although  the  present  trend  is  toward  90  per¬ 
cent  humidity.  Overseas,  temperatures  of  0  to  1°C  (32  to  33.4°F)  are 
more  common,  with  80  to  85  percent  relative  humidity.  Air  cireulation 
in  the  storage  room  is  important,  in  order  that  the  desired  relative  hu¬ 
midity  will  be  maintained  around  the  eggs;  and  a  constant  storage  tem¬ 
perature  is  essential  to  avoid  the  condensation  of  moisture  on  the  egg¬ 
shells.  Eggs  for  chilling  (often  called  “cold  storage”)  are  gathered  mostly 
'  in  periods  of  abundanee  and  stored  for  distribution  during  times  of 
shortage. 

Special  treatments  given  eggs  to  improve  their  keeping  cjualih^  during 
chilling  storage  may  be  for  the  purposes  of  keeping  the  shell  surfaee  dry, 
preventing  loss  of  moisture,  keeping  air  away,  or  inhibiting  ehanges  due 
to  microorganisms  or  enzymes  of  the  egg.  Impregnation  of  the  eggshell 
with  a  colorless  and  odorless  mineral  oil  is  a  eommonly  employed  method 
that  keeps  out  moisture,  slows  down  desiccation  and  air  penetration,  and 
retards  physical  and  chemical  changes  within  the  egg.  Early  methods 
'  involved  the  use  of  hot  oil  ( 135°F,  oi-  57.2°C)  and  a  vacuum;  and  in  one 
method  the  vaeuum  was  replaced  by  carbon  dioxide  gas.  Nowadays,  the 
egg  is  immersed  for  a  few  seconds  in  a  thinner  mineral  oil  at  atmospheric 
temperature,  or  preferably  at  about  100  to  110°F  (37.8  to  43.3°C)  and 
then  drained.  Oiling  is  used  primarily  for  eggs  to  be  stored  commercially 

for  long  periods.  It  appears  to  have  little  effect  upon  rates  of  microbial 
changes  within  the  egg. 
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Gas  storage,  and  the  treatment  of  eggs,  wrappers,  or  containers  with 
chemicals  will  be  discussed  under  Use  of  Preservatives  later  in  this  sec¬ 
tion. 

Freezing.  The  chief  bacteriological  problems  in  the  freezing  of  egg 
“meats”  or  connection  with  the  selection  and  the  prepara¬ 

tion  of  the  egg  contents  for  freezing.  As  with  other  frozen  foods,  the 
frozen  egg  is  no  better  than  the  egg  was  before  it  was  frozen.  Many  of 
the  eggs  broken  for  freezing  or  drying  are  defective  in  some  way  that 
lowers  their  grade  as  shell  eggs  but  does  not  alfect  the  quality  of  the 
contents,  e.g.,  olF-sized,  dirty,  cracked,  and  weak-shcllcd  eggs.  Dirty  eggs 
should  be  washed  before  they  are  broken.  The  eggs  first  are  selected  by 
candling  at  about  4()°F  (4.4°C)  and  are  broken  in  a  dry  room  at  about 
55  to  66°F  ( 12.8  to  15.5°C).  The  egg  is  broken  on  a  dull  knife  blade  and 
the  contents  are  di\’ided  into  white  and  yolk  and  placed  in  separate  small 
cups  if  they  are  to  be  frozen  separately,  or  are  placed  as  a  whole  into  a 
small  cup.  Not  more  than  three  eggs  go  into  a  cup,  and  if  the  appearance 
or  odor  is  unsatisfactory  the  whole  tray-  knife,  cups,  and  all— is  sent  to 
be  cleansed  and  sanitized,  a  clean,  sanitized  tray  replaces  it,  and  the 
breaker  washes  and  dries  her  hands  before  returning  to  work.  The  care¬ 
ful  elimination  of  spoiled  eggs  has  a  very  important  influence  on  die 
kinds  and  numbers  of  bacteria  in  the  frozen  product,  as  does  sanitation 
throughout  the  breaking  process.  All  ecpiipment  that  touches  the  shell 
eggs  or  their  contents  must  be  cleansed  and  sanitized  daily  or  more  often, 
and  the  breaking  room  and  breakers  must  measure  up  to  standards  of 
sanitation.  The  egg  meats,  whole  or  separated,  are  filtered  to  remove 
pieces  of  shell  aneVstringy  material  (chalazae),  mixed  or  churned,  stand¬ 
ardized  as  to  solids  content,  and  frozen  in  30-  or  50-lb  tin  cans  or  other 
containers,  usuallv  by  a  sharp-freezing  process.  Yolks,  when  frozen  .sepa¬ 
rated  and  stored'  frozen,  will  form  a  jelly  which  does  not  become  fluid 
on  thawing.  This  dilRcultv  is  avoided  by  the  incorporation  of  5  percent 
or  more  of  sugar,  salt,  or  glycerol  prior  to  freezing.  The  frozen  eggs  are 

stored  at  0  to  -5°F  ( -17.8  to  -2().5°C). 

Unless  proper  precautions  are  taken,  frozen  eggs  may  contain  higli 

numbers  of  bacteria,  up  to  millions  per  gram.  These  large  numbers  may 
result  from  the  use  of  heavily  contaminated  egg  pulps,  contamination 
from  pieces  of  shell  and  from  efiuipment  in  the  breaking  room,  and 
Urowth  before  freezing.  Bacteria  that  spoil  eggs  stored  at  low  tempera¬ 
tures  especiallv  Fseudomonas  organisms,  are  likely  to  be  numerous  as 
well  as  bacteria  of  the  genera  Akaligcncs,  Frotcus,  and  llavohactcnuvi 
Gram-positive  cocci  and  rods  and  coliform  bacteria  from  the  eggshell 
would  occur  in  smaller  numbers,  and  possibly  anaerobes  and  miscellane¬ 
ous  bacteria  as  chance  contaminants.  Occasionally  SahnoncUa  bacteria 
niav  be  in  eggs  from  infected  hens,  and  rarely  hemolytic  bacteria  ma> 
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be  introduced.  The  freezing  process  reduces  numbers,  but  some  of  each 
ikind  of  organism  present  are  likely  to  survive.  The  numbers  decrease 
i slowly  during  storage  in  the  frozen  condition.  If  thawing  is  done  at  too 
[high  a  temperature  or  the  thawed  eggs  are  held  unduly  long  before  use, 

I  numbers  of  bacteria  will  increase  as  a  result  of  growth  of  the  predominat- 
jing  low-temperature  bacteria.  Thawing  at  55°F  (12.8°C)  for  48  hi  has 
been  recommended. 

Preservation  by  Drying 

I  In  the  preparation  of  whole  pulp,  white,  or  yolk  of  eggs  for  drying, 
jthe  principles  involved  are  similar  to  those  just  discussed  in  the  prepara- 
j  tion  of  there  materials  for  freezing.  Egg  white  requires  some  additional 
Treatment  before  drving  to  retain  its  whipping  properties.  The  old  Chi- 
:  nese  method  utilized  a  natural  fermentation  of  the  egg  white,  chiefly  by 
!  coliform  bacteria,  in  large  casks  for  35  to  60  hr.  This  resulted,  of  course, 
in  high  numbers  of  bacteria  in  the  egg  white  both  before  and  after  dry- 
!  ing.  Removal  of  the  glucose,  the  apparent  purpose  of  the  fermentation,  . 
has  been  accomplished  also  by  inoculation  with  pure  cultures  of  yeast. 
Pseudomonas,  Aerohacter  aerogcncs,  Escherichia  freundii,  and  other  or¬ 
ganisms.  Addition  of  sucrose  or  lactose  before  drying,  and  thinning  of 
the  white  by  trypsin  also  have  been  suggested.  A  new  pretreatment  em¬ 
ploys  an  enzyme,  glucose  oxidase,  obtained  from  fungi,  to  oxidize  the 
glucose  to  gluconic  acid.  Hydrogen  peroxide  is  added  to  furnish  oxygen, 
which  is  released  by  catalase  in  the  enzyme  preparation. 

Most  of  the  drving  of  eggs  in  this  country  is  by  means  of  the  spray 
[  dryer,  where  the  liquid  is  sprayed  into  a  current  of  drv,  heated  air.  An- 
:  other  method  is  the  roller  or  drum  process  in  which  the  liquid  egg  is 
1  passed  over  a  heated  drum,  with  or  without  vacuum.  Air  drving  is  ac- 
I  complished  by  means  of  open  pans,  as  used  by  the  Chinese,  or  by  the 
belt  system  where  the  egg  licpiid  is  on  a  belt  that  passes  through  a  heated 
(140  to  IGO'^F,  or  60  to  71.1°C)  tunnel.  Sprav  drving  or  pan  drving, 
combined  with  tunnel  drying,  is  used  for  egg  white.  Formerly,  eggs  were 
dried  to  a  moisture  content  of  about  5  percent,  but  it  has  been  shown 
that  the  keeping  quality  of  dried  white  or  whole  egg  is  improved  as  the 
moisture  content  is  decreased  toward  1  percent,  and  the  trend  is  in  that 
direction. 

Dried  egg  may  contain  from  a  few  hundred  microorganisms  per  gram 
up  to  over  a  hundred  million,  depending  upon  the  eggs  broken  and  the 
methods  of  handling  employed.  The  same  reasons  for  high  numbers 
would  hold  as  were  mentioned  previously  for  large  numbers  in  frozen 
eggs.  The  drying  process  may  reduce  the  microbial  content  ten-  to  a 
hundredfold  from  the  numbers  in  the  licjuid  egg,  but  still  permit  large 
numbers  to  survive.  A  variety  of  kinds  of  orgaihsms  has  been  found  in 
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dried  eggs,  including  micrococci,  streptococci  (enterococci),  coliforin 
bacteria.  Salmonella  species,  spore-forming  bacteria,  and  molds.  Cocci 
and  the  Gram-positive  rods  are  likely  to  be  present  as  a  result  of  con¬ 
tamination  from  the  shell  during  breaking  or  from  handlers  or  ecjuipment 
rather  than  from  spoiled  eggs.  Salmonella  organisms  are  from  infected 
hens.  When  the  egg  white  has  been  pretreated  by  a  fermentation  process, 
the  dry  product  may  have  a  high  content  of  microorganisms.  Adecjiiately 
dried  egg  products  contain  too  little  moisture  for  growth  of  microorgan¬ 
isms.  In  fact,  during  storage  the  numbers  of  organisms  in  drv  egg  will 
decrease,  more  rapidlv  at  first  and  gradually  later.  Organisms  resistant 
to  desiccation,  such  as  micrococci  and  spores  of  bacteria  and  molds,  will 
make  up  an  increasing  percentage  of  the  snr\'ivors  as  storage  continues. 
The  more  the  moisture  content  of  the  drv  egg  has  been  reduced  from  5 
percent,  the  more  rapid  will  be  the  death  of  bacteria  therein. 


Use  of  Preservatives 


Preservatives  mav  be  used  on  the  shells  of  eggs,  in  the  atmosphere 
around  them,  or  on  wraps  or  containers  for  eggs.  An  enormous  number 
of  different  substances  have  been  applied  to  the  surface  of  the  shells  of 
eggs  or  used  as  packing  material  about  eggs  to  aid  in  their  preservation. 
Some  of  these  substances  are  primarily  to  keep  the  shell  dry  and  reduce 
penetration  of  oxygen  into  the  egg  and  passage  of  carbon  dioxide  and 
moisture  out;  waxing,  oiling  the  shells,  or  otherwise  sealing  are  examples. 
Other  materials  inhibit  the  growth  of  microorganisms,  and  some  are 
germicidal.  Materials  used  for  the  dry  packing  of  eggs  in  the  home  in¬ 
clude  salt,  lime,  sand,  sawdust,  and  ashes.  Immersion  in  water  glass,  a 
solution  of  sodium  silicate,  long  has  been  a  successful  home  method  of 
preservation.  The  solution  is  inliibitory  because  of  its  alkalinity.  Other 
inhibitory  chemicals  that  luu'e  been  tried  are  borates,  permanganates, 
benzoates,  salicylates,  formates,  and  a  host  of  other  compounds.  The  uti¬ 
lization  of  warm  or  hot  solutions  of  germicides  in  the  washing  of  eggs 
has  been  mentioned,  such  as  solutions  of  hypochlorites,  lye,  acids, 
formalin,  fjuaternarv  ammonium  compounds,  and  detergent-sanitizer 
combinations.  Sealing  of  the  shell  with  a  solution  of  dimethylol  urea  has 
been  found  effective  in  inhibiting  mold  growth. 

Some  attempts  have  been  made  to  reduce  spoilage  of  eggs  by  molds 
during  storage  by  treatment  of  the  flats  and  fillers  of  storage  cases  with 
a  mvcostatic  or  mold-inhibiting  chemical.  Sodium  pentachlorophenate 


and  related  compounds  have  been  used  with  some  success. 

Fumigation  of  eggs  with  gaseous  ethylene  oxide  before  storage  has 
been  reported  to  protect  them  against  bacterial  spoilage. 

The  onlv  two  gases  that  are'adiled  to  the  atmosphere  about  eggs  to 
improve  their  keeping  (juality  are  carbon  dioxide  and  ozone,  although 
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nitrogen  lias  been  used  experimentally.  Recommendations  vary  concern¬ 
ing  the  optimum  concentration  of  carbon  dioxide  in  the  air.  A  low  con¬ 
centration,  2.5  percent,  for  example,  has  been  shown  to  slow  down  physi- 
eal  and  chemical  changes  in  the  egg  that  accompany  the  rise  in  pH  as 
carbon  dioxide  escapes  from  the  egg  but  to  have  little  effect  on  microbial 
gro^^'th,  particularly  of  molds.  Concentrations  as  high  as  60  percent  will 
markedly  delav  microbial  spoilage,  especially  if  the  temperature  is  near 
freezing,  even  if  the  relative  humidity  approaches  satin  ation,  but  the 
white  becomes  thinner  and  an  unpleasant  flavor  develops.  Thus  the  rec¬ 
ommendations  vary  from  0.5  to  0.6  percent  at  1°C  (30.2  F),  accord¬ 
ing  to  Sharp,  and  from  2.5  to  5  percent  at  0°C  (32°F)  recommended  by 
Moran,  up  to  a  15  percent  maximum  cited  by  Kaess.  There  has  been 
some  disagreement  about  the  effectiveness  of  ozone.  Ewell  claims  that 
from  0.6  ppm  of  ozone  (for  clean  eggs)  to  1.5  ppm  (for  dirty  eggs)  at 
31op  (__0.55°C)  and  90  percent  relative  humidity  will  keep  eggs  fresh 
for  8  months  and  that  3.5  ppm  will  not  injure  them;  but  other  workers 
claim  that  0.5  to  1.5  ppm  have  little  effect  on  microorganisms.  Low  con¬ 
centrations  of  ozone  are  reported  to  improve  the  flavor  of  stored  eggs 
because  of  the  deodorizing  effect  of  the  gas. 

i  POULTRY 

j 

Most  of  the  principles  of  preservation  discussed  for  meats  in  Chapter 
14  apply  likewise  to  poultrv,  although  the  plucking  and  dressing  of  the 
fowls  raise  different  problems.  As  in  the  slaughter  of  animals  for  meat, 
the  method  of  killing  and  bleeding  the  fowl  has  an  important  effect  on 
the  quality  of  the  product.  Modern  methods  involve  the  severing  of  the 
jugular  vein  of  the  bird,  suspended  by  its  feet,  and  the  drainage  of  blood. 
The  method  of  picking  or  plucking  has  some  influence  on  the  keeping 
quality  of  the  bird.  Dry-plucked  birds  are  more  resistant  to  decomposi¬ 
tion  than  semiscalded  or  scalded  ones  because  the  skin  is  less  likely  to 
be  broken,  but  more  pin  feathers  are  left.  Most  picking  is  by  means  of 
the  semiscald  method,  in  which  the  fowl  is  immersed  in  water  at  125  to 
135°F  (51.7  to  57.2°C)  for  about  30  sec,  rather  than  the  older  scalding 
method  at  150  to  190°F  (65.5  to  87.8°C)  or  over.  Experiments  have 
shown  that  the  water  in  the  semiscald  method  is  not  an  important  source 
of  contaminating  microorganisms  if  reasonable  precautions  are  taken  to 
change  the  water;  in  fact  the  process  is  one  of  mild  pasteurization.  Nor 
does  the  dressing  (plucking)  procedure  normally  add  much  contamina¬ 
tion.  Counts  of  numbers  of  bacteria  on  the  skins  of  dressed  fowls  over  a 
long  period  have  shown  less  than  250,000  organisms  per  gram  of  skin  and 
few  in  the  adjoining  flesh.  Evisceration  of  the  fowl  adds  contaminating 
bacteria  from  the  alimentary  tract.  Microorganisms  found  on  the  skin. 
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fct't,  and  cut  surfaces  of  poultry  include  PscudomoiKis,  AcJirooioJjdcter, 
FlavoJxicterium,  Micrococcus,  coliforms,  Alcidigenes,  Proteus,  Bacillus, 
and  others,  including  some  yeasts  and  molds. 

Asepsis 

Comparatively  little  can  be  done  to  keep  microorganisms  away  from 
the  dressed  poidtry.  The  sanitation  of  the  housing  of  the  birds  before 
killing  has  some  influence  on  the  numbers  of  microorganisms  on  the  skin 
at  dressing,  but  even  under  the  best  conditions  enough  spoilage  organ¬ 
isms  contaminate  the  skin  to  permit  microbial  deterioration  if  conditions 
of  handling  and  storage  are  not  good.  Contamination  of  the  lining  of  the 
body  cav  ity  of  the  bird  can  be  prevented  if  the  fowl  is  not  eviscerated 
until  sold  in  the  retail  market,  but  visceral  taints  may  develop  unless  the 
birds  are  adecpiately  refrigerated. 

Removal  of  Microorganisms 

Some  microorganisms  may  be  removed  from  the  skin  during  the  scald¬ 
ing  process  that  precedes  picking  and  some  wall  be  killed,  but  not  enough 
to  be  very  significant.  During  draw  ing  or  ev  isceration  of  the  bird,  micro¬ 
organisms  from  the  intestinal  tract  will  contaminate  the  lining  of  the 
body  cavity,  but  thorough  vvaishing  wath  good  waiter  wall  remove  many 
of  the  organisms. 

Use  of  Heat 

Dressed  chickens  and  other  fowls  may  be  canned,  whole  or  dissected, 
in  their  owm  juices  or  in  jelly.  Heat  processes  are  analogous  to  those  for 
canned  meats  (Chapter  14).  The  chicken  or  other  fowl  may  be  salted  in 
a  weak  brine  before  being  packed  into  the  glass  jars  or  cans. 

Use  of  Low  Temperatures 

Most  poultry  is  preserved  by  either  chilling  or  freezing. 

Chilling.  Poultrv’  for  either  chilling  or  freezing  storage  should  be  cooled 
promptly  and  rapidly  after  dressing  and  drawing  (if  that  is  done)  down 
to  a  temperature  of  about  35°F  (1.7°C).  Chilling  can  be  done  by  cold 
air,  vv'hich  leaves  the  bird  relatively  drv%  or  by  contact  with  ice  or  ice 
w'ater  or  a  sprav  of  refrigerant,  which  leaves  the  skin  wet.  The  moist 
methods  not  only  may  add  organisms  but  also  rnav'  favor  their  growth. 

Chilling  storage  of  poultrv  is  for  only  a  short  period,  usually  less  than 
a  month;  birds  to  be  stored  longer  should  be  frozen.  Packing  the  dressed 
birds  in  ice  has  been  used  for  short  periods  of  holding  and  where  me¬ 
chanical  refrigeration  is  not  av'ailable.  Most  large-scale  chilling,  however, 
is  now  by  means  of  mechanical  refrigeration.  The  closer  the  temperature 
of  storage  is  to  freezing,  the  longer  the  birds  can  be  stored  without  uii- 
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desirable  amounts  of  change  taking  place.  In  tests  on  cut-up  chicken, 
Avres^  found  that,  as  compared  with  room  temperature,  storage  life  was 
extended  2  days  at  50°F  6  days  at  40°F  (4.4°C),  and  14  days 

at32°F(0°C). 

Freezing.  Poultry  can  be  kept  in  good  condition  for  months  if  freezing 
is  prompt  and  rapid  and  the  storage  temperature  is  low  enough.  Fairly 
rapid  freezing  is  desirable,  for  this  produces  a  light-appearing  bird  be¬ 
cause  fine  ice  crystals  are  formed  within  the  fibers.  Slow  freezing,  on  the 
other  hand,  causes  large  crystals  to  accumulate  outside  the  fibers  and  the 
flesh  to  appear  darker.  A  bird  that  is  frozen  rapidly  while  fresh  will  have 
smaller  crystals  than  one  frozen  after  a  delay.  Regardless  of  the  rate  of 
freezing,  intact  birds  do  not  drip  upon  thawing.  Visceral  taints  develop 
slowly  in  frozen  undrawm  birds  unless  the  storage  temperature  is  low, 
but  this  defect  does  not  become  important  in  birds  held  for  normal 
storage  times.  Most  chickens  frozen  commercially  are  packed  ten  to  a 
box  that  is  lined  with  moisture  and  airproof  paper,  and  for  the  most  part 
are  dressed  but  not  drawm. 

Poultry  should  be  frozen  fast  enough  to  retain  most  of  the  natural 
bloom  or  external  appearance  of  a  freshly  dressed  fowl,  and  the  storage 
temperature  should  be  below  0°F  ( — 17.8°C)  and  the  relative  humiditv 
above  95  percent  to  reduce  drying  of  the  surface.  Most  poultrv  is  sharp- 
frozen  at  about  — 20°F  ( — 29°C)  or  less  in  circulating  air  or  on  a  moving 
belt  in  a  freezing  tunnel.  For  “quick  freezing,”  a  smaller  package  is  neces¬ 
sary,  usually  a  whole  bird,  a  dissected  one,  or  a  boned  fowl,  packed  into 
a  special  watertight  and  almost  airtight  wrapper.  Actually,  a  large 
chicken  would  not  freeze  fast  enough  to  measure  up  to  the  definition  of 
quick  freezing  in  Chapter  8. 

Although  part  of  the  bacteria  are  killed  by  tbe  freezing  process  and 
numbers  decrease  slowly  during  storage,  enough  remain  to  cause  spoil¬ 
age  when  the  bird  is  thawed.  The  grow^th  of  bacteria  can  take  place  dur¬ 
ing  picking,  dressing,  drawing,  chilling,  and  also  during  the  freezing 
process,  until  the  temperature  of  the  bird  drops  below  32°F  (0°cf. 
Deterioration  that  has  developed  due  to  bacterial  growth,  to  diffusion  of 
taints  from  the  viscera,  and  to  activity  of  enzymes  of  the  bird  before 
freezing  will  carry  over  into  the  frozen  product,  and  some  of  the  enzy¬ 
matic  action  will  continue,  unless  the  storage  temperature  is  \'ery  low, 
although  bacterial  growth  has  been  stopped.  If  thawing  is  incorrectly 

done,  e.g.,  for  too  long  a  time  or  at  too  high  a  temperature,  spoilage  can 
begin. 

Unless  adequate  sanitary  precautions  are  taken,  a  marked  increase  in 
bacteria  will  take  place  during  the  removal  of  the  bones  of  cooked  fowl 
for  subsequent  canning  or  quick  freezing.  Low-temperature  bacteria  of 

"  J.  C.  Ayres,  Iowa  State  Call  J.  Sci.  26:  31-48  ( 1951  ) 
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the  genera  Achromubacter,  Proteus,  and  Alcaligenes,  as  well  as  coliform 
bacteria,  have  been  found  in  considerable  numbers.  Canning  would  de¬ 
stroy  most  of  these,  but  quick  freezing  would  permit  the  survival  of 
manv. 

Use  of  Preservatives 

Until  recently,  little  use  has  been  made  of  chemicals  in  the  preserva¬ 
tion  of  poidtrv.  The  newlv  approved  utilization  of  7  ppm  of  chlortetra- 
cvcline  or  oxvtetracvcline  in  the  flesh  of  uncooked  dressed  birds  has  been 
mentioned  in  Chapter  10.  To  obtain  this  level  of  antibiotic,  about  10  ppm 
are  added  to  the  chilling  bath  through  which  the  birds  are  passed  fol¬ 
lowing  evisceration.  Turkey  sometimes  is  cured  in  a  solution  of  salt, 
sugar,  and  sodium  nitrate  for  several  weeks  at  about  38°F  (3.3°C), 
washed,  dried,  and  then  smoked.  Usually  a  light  smoking  process  is  used, 
more  for  flavor  than  for  preservation.  Recommended  temperatures  during 
smoking  range  from  110  to  140°F  (43.3  to  60  C)  and  the  time  from  a 
few  hours  to  several  days. 

Irradiation 

Irradiation  of  poultrv  with  cathode  or  gamma  rays  can  be  a  successful 
preservative  metliod,  for  the  ravs  apparently  produce  less  objectionable 
change  in  appearance  and  flavor  than  in  some  other  foods.  All  work  thus 
far  has  been  experimental,  however. 
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CHAPTER  16  Preservation  of  Alilk  and  Alilk  Products 


Milk  and  milk  products,  which  serve  to  illustrate  most  of  the  principles 
of  preservation  and  spoilage  of  foods,  have  had  more  research  done  on 
them  than  most  foods,  so  much  that  numerous  text  and  reference  books 
have  been  published  on  the  subject.  These  books,  some  of  which  are 
listed  at  the  end  of  this  chapter,  should  be  consulted  for  more  detail 
than  can  be  presented  here.  Milk  is  such  a  delicately  flavored,  easily 
changed  food  that  rigorous  preservative  methods  cannot  be  used  on  it 
without  changing  it  in  an  undesirable  manner  or,  at  best,  making  a 
different  food  product.  In  fact,  most  of  the  products  made  from  milk  or 
cream  at  first  were  for  the  purpose  of  impro\’ing  the  keeping  qualit)'. 
Thus  nomadic  tribes  found  that  milk  that  had  undergone  a  lactic  acid 
fermentation  could  be  kept  for  long  periods,  although  now  we  produce 
fermented  milks  for  their  characteristic  body  and  flavor.  Treatment  of 
the  curd  from  milk  in  various  ways  was  found  to  lengthen  the  keeping 
time;  now  we  produce  different  kinds  of  cheese  for  their  individual 
characteristics. 

Asepsis 

The  prevention,  as  far  as  is  practicable,  of  the  contamination  of  milk 
is  important  in  its  preservation,  in  that  its  keeping  (pialities  are  improved, 
usually,  with  smaller  numbers  of  microorganisms  present,  especiallv  of 
those  that  can  grow  readily  in  milk.  Low  numbers  are  indicativ'e  of  sani¬ 
tary  precautions  and  careful  handling  during  production  and  hence  of 
fewer  pathogens,  as  well  as  fewer  spoilage  organisms.  Therefore  the  bac¬ 
terial  content  of  milk  is  used  to  measure  its  sanitary  quality,  and  most 
grading  qf  milk  is  on  the  basis  of  some  method  for  estimating  numbers. 

The  different  sources  of  contamination  of  milk  and  their  relative  im¬ 
portance  in  contributing  total  numbers  and  different  kinds  of  micro¬ 
organisms  have  been  discussed  in  Chapter  5.  The  coat  of  the  animal  and 
the  surfaces  of  utensils  have  been  emphasized  as  possible  sources  of  both 
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high  numbers  and  iindesiral)le  kinds  of  microorganisms.  Especially  un¬ 
desirable  in  market  milk  are  bacteria  such  as  the  lactics  and  the  coliform 
bacteria,  that  grow  well  in  milk;  the  psychrophiles,  that  can  grow  at  the 
chilling  temperatures  at  which  milk  usually  is  stored;  the  thermodurics, 
that  sur\’ive  the  pasteurization  treatment  of  milk;  and,  of  course,  human 
pathogens.  W^ien  the  milk  is  to  be  used  for  the  production  of  a  product 
by  microbial  fermentation,  as  in  the  manufacture  of  fermented  milks  or 
cheese,  the  kinds  of  microorganisms  that  are  able  to  compete  with  the 
starter  bacteria  and  produce  defects  in  the  product  are  important.  Thus 
the  coliform  bacteria,  anaerobes,  and  yeasts  can  cause  gassiness  and  oil- 
flavors  unless  they  are  kept  out  or  are  eliminated  if  present,  and  other 
organisms  may  inhibit  the  desirable  ones  or  cause  defects  in  body,  tex¬ 
ture,  and  flavor.  Heat-resistant  microorganisms  may  survive  the  heat- 
treatments  given  some  cheeses  during  manufacture  and  canned  products 
like  evaporated  or  sweetened  condensed  milk  and  bring  about  spoilage, 
or  they  may  be  the  cause  of  the  lowering  of  the  grade  of  dry  milk,  which 
has  bacteriological  standards. 

<r> 

Packaging  serves  to  keep  microorganisms  from  bottled  milk,  fermented 
milks,  packaged  butter,  canned  milk,  drv  milk,  and  packaged  cheese,  as 
do  coatings  of  plastics,  wax,  or  other  protective  substances  on  finished 
cheese,  or  on  “rindless”  cheeses  during  ripening. 

Removal  of  Microorganisms 

Once  the  microorganisms  have  entered  milk,  they  cannot  be  removed 
elfectivelv  by  present  methods.  It  is  true  that  centrifugation,  as  in  clarify¬ 
ing  or  separating,  removes  some  of  the  organisms,  but  not  enough  of 
them  to  be  of  anv  significance.  Molds  are  removed  from  the  surfaces  of 
some  kinds  of  cheese  during  the  curing  process  by  periodic  washing,  and 
their  growth  is  held  down. 

'T’ 


Use  of  Heat 

Pasteurization,  because  milk  is  so  readily  changed  by  heat,  a  mild 
heat-treament,  called  pasteurization,  is  used  for  the  preservation  of 
market  milk  or  cream.  The  Milk  Ordinance  and  Code  of  the  United 
.States  Public  Health  Service  states  that  pasteurization  is  “the  process 
of  heating  everv  particle  of  milk  or  milk  products  to  at  least  14.3^F 
(61.67°C),  and  holding  at  such  temperature  continuously  for  at  least  30 
minutes,  or  at  least  161°F  (71.67°C),  and  holding  at  such  temperature 
continuouslv  for  at  least  15  seconds,  in  approved  and  properly  operatetl 
ecinipment”;  the  milk  is  cooled  immediately  to  5()  F  (lO^C)  or  less.  The 
first  method,  called  the  holding  method,  is  more  widely  used  in  this  coun¬ 
try  than  the  second,  or  high-temperaturc-short-time  (“flash  ),  method. 
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The  phosphatase  test  is  employed  commonly  to  test  for  efficiency  of 
pasteurization  and  is  based  on  the  fact  that  this  enzyme  is  destroyed  if 
the  minimum  treatments  mentioned  above  have  been  applied. 

The  objectives  of  the  pasteurization  of  market  milk  are  ( 1 )  to  kill  all 
pathogens  that  may  have  entered  the  milk  and  ( 2 )  to  improve  the  keep¬ 
ing  quality  of  the  milk.  All  this  is  to  be  accomplished  without  harm  to 
the  flavor,  appearance,  nutritive  properties,  and  creaming  of  the  milk. 
When  milk  is  pasteurized  for  the  manufacture  of  cheese,  or  cream  is 
pasteurized  for  making  butter,  there  is  another  objective:  (3)  to  destroy 
microorganisms  that  would  interfere  with  the  activities  of  desirable 
organisms  such  as  starter  bacteria  or  that  would  cause  inferiority  or  spoil¬ 
age  of  the  product.  The  cheese  maker  also  wishes  a  heat-treatment  that 
will  not  harm  the  curdling  properties  of  the  milk.  The  heat-treatment  of 
cream  also  destroys  lipases  that  might  cause  deterioration  of  butter  dur¬ 
ing  storage. 

The  percentage  of  reduction  of  numbers  of  microorganisms  in  milk 
during  pasteurization  will  depend  upon  the  proportion  of  thermoduric 
bacteria  present,  and  may  range  from  90  to  99  percent. 

Because  ice-cream  mix  is  more  protectix^e  than  milk  or  cream  to  micro¬ 
organisms,  it  requires  a  greater  heat-treatment  for  adecjuate  pasteuriza¬ 
tion,  at  least  155^F  (68.3°C)  for  30  min  bv  the  holding  method,  and  a 
minimum  of  175°F  (79.4°C)  for  25  sec  or  its  ecjuivalent  bv  the  high- 
temperature-short-time  method.  Most  operators  would  exceed  these  tem¬ 
peratures;  thus,  160°F  (71.1°C)  for  30  min  would  be  preferred  for  the 
holding  method. 

Cream  for  buttermaking  is  given  a  greater  heat-treatment  during  pas¬ 
teurization  than  market  cream.  Heating  is  at  160°F  (71.1°C)  or  above 
for  30  min  by  the  holding  method,  or  190  to  200OF  (87.8  to  93.3°C) 
for  a  few  seconds  by  the  high-temperature— short-time  method.  Cream 
is  more  protective  to  organisms  than  is  milk,  and  cream  for  butter¬ 
making  is  likely  to  contain  a  higher  population  of  microorganisms  than 
most  lots  of  milk.  Rapid  heating  of  cream  may  be  by  means  of  injection 
of  steam  or  by  a  combination  of  steam  injection  and  evacuation  in  a 
process  known  as  vacreation. 

The  forewarming  at  160  to  2120F  (71  to  100°C)  for  10  to  30  min  and 
evaporation  processes  at  120  to  135°F  (48.9  to  57.2°C)  in  the  manufac¬ 
ture  of  sweetened  condensed  milk  arc,  in  effect,  pasteurization  processes 
that  kill  all  pathogens  and  should  destroy  all  organisms  that  could  spoil 
the  final  canned  product. 

What  amounts  to  a  liigh-temperature  pasteurization  is  applied  to  bulk- 
condensed  milk.  Forewarming  the  milk  at  150  to  170°F  (65.6  to  76.7°C) 
before  evaporation  kills  many  of  the  organisms  present,  and  superheating 
of  the  condensed  product,  which  is  concentrated  more  than  evaporated 
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milk,  at  higher  temperatures  (180  to  200°F,  or  82.2  to  93.3°C)  destroys 
still  more  of  the  organisms.  Such  a  product  must  be  cooled  rapidly,  stored 
at  a  chilling  temperature,  and  used  fairly  soon.  The  preheating  of  milk 
before  drying,  as  mentioned  in  a  later  section,  is,  in  effect,  pasteurization. 

The  cooking  at  150°F  (65.6°C)  or  higher  incidental  to  the  melting  and 
blending  of  cheese  in  the  manufacture  of  process  cheese  is  in  effect  a 
pasteurization  process  that  kills  most  of  the  microorganisms  present  in 
the  original  cheeses.  Phosphates,  citrates,  and  tartrates  are  added  as 
emulsifier^. 

Pasteurization  shoidd  kill  all  yeasts  and  molds  and  most  vegetative 
cells  of  bacteria  in  the  milk.  The  surviving  bacteria,  termed  thermodurics, 
belong  to  a  number  of  different  groups  of  bacteria,  of  which  only  a  few 
more  important  ones  will  be  mentioned.  Most  important  of  the  non-spore- 
forming  bacteria  are  ( 1 )  the  high-temperature  lactics,  e.g.,  the  entero¬ 
cocci,  Streptococcus  thermophilus,  high-temperature  lactobacilli,  such  as 
LactohaciUus  hulgaricus,  L.  thermophilus,  and  L.  lactis,  and  species  of 
Microhacterium,  and  (2)  certain  species  of  Micrococcus.  Some  species 
of  Streptococcus  and  LactohaciUus  are  thermophilic  as  well  as  thermo- 
duric.  The  spore-forming  thermodurics  fall  into  two  main  groups:  (1) 
species  of  Bacillus,  that  is,  aerobic  to  facultative  spore-forming  bacilli,  of 
which  Bacillus  ccrcus  (proteolvtic)  usually  is  the  most  numerous,  but 
B.  suhtilis  (proteolvtic),  B.  coagulans  (thermophilic),  B.  pohfmifxa  (gas¬ 
forming),  B.  calidolactis  (thermophilic),  and  other  species  sometimes 
are  of  importance;  (2)  species  of  Cdostridium,  anaerobic  spore-forming 
rods,  some  of  which  are  saccharolvtic,  e.g.,  Cdostridium  hutijricum,  and 
others  proteolvtic  and  saccharolvtic,  e.g.,  C.  sporogenes.  Most  of  those 
that  grow  in  milk  also  form  gas.  Miscellaneous  other  bacteria  may  sur¬ 
vive  pasteurization  but  do  not  grow  well  in  milk. 

Boiling.  Boiling  of  milk  or  heating  in  flowing  steam  destroys  all  micro¬ 
organisms  but  the  spores  of  bacteria,  but  so  changes  the  milk  that  it  loses 
in  appearance,  palatability,  digestibilitv',  and  nutritive  properties.  For¬ 
merly  boiling  was  much  used  in  the  home,  especially  on  milk  for  babies, 
but  now  home  methods  of  pasteurization  are  more  widely  employed. 

Use  of  Steam  tinder  Pressure.  Evaporated  milk  is  canned  and  then 
heat-processed  bv  steam  under  pressure,  often  with  accompanying  rolling 
or  agitation.  The  forewarming  of  the  milk  at  about  200  to  212''F  (93.3 
to  100  C)  or  higher  before  evaporation  kills  all  but  the  more  resistant 
bacterial  spores.  The  sealed  cans  of  evaporated  milk  are  processed  usu¬ 
ally  at  about  240  to  245°F  (115.6  to  118.3°C)  for  14  to  18  min  to  make 
the  contents  sterile  or  commercially  sterile.  Some  of  the  heat-cool-fiH 
methods,  such  as  the  Martin  process,  mentioned  in  Chapter  7,  have  been 
appli('d  to  the  processing  of  canned  whole  milk  and  cream. 
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Use  of  Low  Temperatures 

With  tlie  exception  of  canned  milk  and  dry  milk,  most  dairy  products 
require  the  use  of  low  temperatures  as  one  factor  in  their  preservation, 
and  often  it  is  a  most  important  factor. 

Coolina.  For  the  production  of  milk  of  good  quality  it  is  essential  that 
it  be  cooled  promptly  after  it  is  drawn  from  the  cow.  The  Milk  Ordi¬ 
nance  and  Code  of  the  United  States  Public  Health  Service  stipulates 
that  milk  shall  be  cooled  to  50°F  (10°C)  or  less  immediately  whether  it 
be  for  consumption  as  raw  milk  or  for  pasteurization,  unless  the  milk  to 
be  pasteurized  is  delivered  to  the  milk  plant  or  receiving  station  within 
2  hr  after  completion  of  milking.  Milk  cooled  on  the  farm  must  be  main¬ 
tained  at  50°F  or  less  until  delivered.  It  is  preferable,  of  course,  to  cool 
to  temperatures  well  below  50°F,  an  objective  that  is  readily  attained 
when  mechanical  refrigeration  or  ice  is  available.  Cooling  tanks  for  the 
bulk  handling  of  milk  on  the  farm  cool  the  milk  rapidlv  to  38  to  40°F 
(3.3  to  4.4°C)  and  hold  the  temperature  there  except  for  short  periods 
when  fresh  milk  is  entering,  and  then  the  temperature  usuallv  does  not 
exceed  45°F  (7.2°C).  The  reason  for  the  selection  of  5()°F  for  cooling 
milk  is  that  at  50°F  or  below  there  is  verv  slow  growth,  if  anv,  of  the 
kinds  of  bacteria  that  are  most  likely  to  be  numerous  and  to  grow  best 
in  milk  and  that  pathogens  cannot  multiply  at  all.  After  pasteurization 
also,  milk  should  be  cooled  promptly  to  50°F  or  below. 

Chilling.  The  recommended  temperatures  to  which  freshly  drawn  or 
newly  pasteurized  milk  should  be  cooled  are  reallv  chilling  temperatures. 
These  temperatures  are  to  be  maintained  in  milk  during  storage  on  the 
farm,  in  the  truck  or  tank  during  transportation  to  plant  or  receiving 
station,  and  during  storage  there.  Chilling  temperatures  are  recom¬ 
mended  for  the  bottled  milk  or  related  product  during  storage  in  plant 
or  in  retail  market  and  during  deliv^ery,  and  in  the  home  or  restaurant 
until  consumption. 

Some  cheese  makers  maintain  that  milk  to  be  used  for  cheese  making 
should  not  be  cooled  as  much  as  milk  for  other  purposes  and  prefer  cool¬ 
ing  to  a  temperature  of  55  to  60°F  (12.8  to  15.6°C)  and  some  permit 
morning’s  milk  to  be  brought  in  without  cooling.  In  general,  however, 

milk  for  cheese  should  be  cooled  as  adequately  as  milk  for  other  pur¬ 
poses. 

Cream  for  butter  should  be  cooled  to  60°F  (15.6°C)  or  lower  after 
separation  and  kept  cool  until  picked  up  or  delivered.  The  cooling  is 
especially  important  on  farms  with  low  production  of  cream,  where  it 
may  accumulate  for  3  or  4  days  or  even  longer,  and  unless  cooled  may 
undergo  deterioration  by  microorganisms.  Butter  is  stored  at  chilling 
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temperatures  for  short  periods,  as  in  retail  stores  or  in  the  home,  but  at 
freezing  temperatures  during  warehouse  storage. 

Fermented  milks  and  unripened  cheeses  are  chilled  after  their  manu¬ 
facture  and  kept  chilled  until  they  reach  the  consumer.  Most  kinds  of 
ripened  cheese  also  are  chilled  and  stored  at  chilling  temperatures  after 
their  ripening  is  completed. 

Frcezino.  Ice  cream  and  other  frozen  dair\^  desserts  are  frozen  as  part 
of  the  manufacturing  process  and  are  stored  at  low  temperatures  in  the 
frozen  state,  where  microbial  multiplication  is  impossible.  The  microbial 
content  of  the  ingredients  milk,  cream,  sugar,  eggs,  stabilizers,  and 
flavoring  and  coloring  materials  -along  with  contamination  picked  up 
during  processing  will  determine  the  numbers  and  kinds  of  microorgan¬ 
isms  in  the  mix  and  also  will  determine  the  microbial  content  after  pas¬ 
teurization  of  the  mix  and  freezing.  Pasteurization,  of  course,  reduces 
numbers  and  kinds  of  microorganisms,  but  freezing  kills  few  if  any  of 
the  organisms,  and  storage  in  the  frozen  state  permits  survival  of  most  of 
the  microorganisms  for  long  periods. 

Butter  in  storage  is  held  at  0°F  ( — 17.8°C)  or  lower,  where  no  micro¬ 
bial  growth  can  take  place.  Frozen  cream  is  stored  in  considerable 
amounts  at  a  similar  temperature.  Milk,  concentrated  to  one-third  its 
volume,  can  be  frozen  at  0°F  ( — 17.8°C)  and  stored  at  — 1()°F 
( — 23.3°C)  or  lower,  and  can  be  held  for  several  weeks  without  deterior¬ 
ation.  Frozen  milk  can  be  concentrated  bv  freeze-dr\’ing  methods.  Pas¬ 
teurized  wfliole  milk  has  been  frozen  at  about  — 2()°F  ( — 2S.9'^C)  and 
shipped  and  stored  in  the  frozen  state,  especially  during  w’artime. 

Drving 

Various  milk  products  are  made  bv  the  removal  of  different  percent¬ 
ages  of  wxiter  from  whole  or  skim  milk.  Only  in  the  manufacture  of  dry 
products  is  enough  moisture  remov'ed  to  prev^ent  the  growth  of  micro¬ 
organisms  in  the  product,  although  the  reduction  in  moisture  and  con- 
sefjuent  increase  in  the  concentration  of  dissoKed  substances  in  licjuid 
condensed  milk  products  is  such  as  to  inhibit  the  growth  of  some  kinds 
of  bacteria. 

Condemed  Products.  Evaporated  milk  is  made  by  removing  about  60 
percent  of  the  water  from  wfliole  milk,  so  that  about  11.5  percent  lactose 
would  be  in  solution,  plus  double  the  aiiKiunt  of  soluble  inorganic  salts 
in  whole  milk.  This  high  a  concentration  of  sugar  is  inhibitor)'  to  the 
growth  of  some  kinds  of  bacteria  and  might  slow  down  or  prevent  the 
growth  of  some  survivors  of  the  heat-treatments  described  above.  Bulk 
condensed  milk  is  more  condensed  than  evajwrated  milk  and  is  a  still 
poore'r  culture  medium  for  organisms  not  tolerant  of  high  sugar  concen¬ 
trations.  Condensed  whey,  called  whey  semisolids,  is  another  concen- 
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tratecl  dairy  product,  as  is  condensed  buttermilk,  called  seinisolid  butter¬ 
milk,  which  has  its  concentration  of  acid,  as  well  as  of  other  solutes,  in¬ 
creased  by  the  condensation  process. 

In  the  preparation  of  the  product  from  whole  milk,  enough  sugar, 
mostly  sucrose,  but  perhaps  some  glucose,  is  added  to  milk  before  evapo¬ 
ration  to  result  in  a  sweetened  condensed  milk  with  a  total  average  sugar 
content  (lactose  plus  added  sugar)  of  about  54  percent  and  in  the  mois¬ 
ture  part  of  over  64  percent.  The  product  from  skim  milk  would  contain 
about  58  percent  total  sugar  and  about  66  percent  in  the  moisture  part 
of  the  condensed  product.  These  ver)^  high  concentrations  of  sugar  plus 
the  increased  percentage  of  soluble  inorganic  salts  tie  up  the  moisture 
so  as  to  make  it  unavailable  to  any  but  osmophilic  microorganisms. 
Therefore,  di  ving,  both  bv  remoN^al  of  water  and  by  tying  it  up,  is  a  main 
preservative  factor.  Add  to  this  the  evacuation  of  the  can  and  the  aseptic 
effect  of  the  sealed  can  and  a  product  of  good  keeping  quality  results. 

Dnj  Products.  Among  the  dairy  products  prepared  in  the  dry  form  are 
milk,  skim  milk,  cream,  whey,  buttermilk,  ice-cream  mix,  and  malted 
milk.  Since,  for  the  most  part,  similar  principles  apply  to  all  of  these 
products,  dry  skim  milk,  now  called  nonfat  dry  milk  solids,  will  be  dis¬ 
cussed  as  a  typical  example.  Most  dry  milk  is  prepared  by  either  the 
roller  process,  with  or  without  vacuum,  or  the  spray  process,  mentioned 
in  Chapter  9.  Preliminary  to  the  final  drying  process,  the  milk  is  concen¬ 
trated  three  to  five  times  for  the  roller  process,  and  two  or  three  times 
for  the  spray  process.  Usually  the  milk  also  is  preheated  before  the  dry¬ 
ing  process,  to  150  to  185°F  (65.6  to  85°C)  for  the  roller  process  and 
to  145  to  2()0°F  (62.8  to  93.3°C)  for  30  min  or  less  for  the  spray  process. 
This  preheating  process  pasteurizes  the  milk  and  therefore  kills  the  less 
heat-resistant  microorganisms. 

Roller  drying  without  vacuum  involves  the  use  of  a  high  temperature, 
up  to  270°F  (132.2°C)  or  higher,  for  a  brief  period,  while  the  \’acuum- 
roller  process  utilizes  lower  temperatures,  e.g.,  100  to  170°F  (37.8  to 
76.7°C).  In  the  spray  process  the  fine  spray  of  milk  is  exposed  briefly  to 
hot,  dry  air  that  may  be  at  250°F  (121.1°C)  to  400°F  (204.4°C). 

The  microbial  content  of  the  heat-dried  dairy  product  will  depend 
upon  the  content  of  the  licjuid  product  to  be  dried,  the  temperature  and 
time  of  preheating,  the  evaporation  process,  if  used,  contamination  and 
growth  in  storage  tanks  and  pipes,  and  the  method  of  drving.  Preheating 
kills  organisms  as  pasteurization  would  and  hence  destroys  all  but  the 
theimodurics.  Evaporation,  especially  a  continuously  operating  process, 
may  result  in  increases  in  theimodurics,  especially  those  that  are  thermo¬ 
philic.  In  storage  or  feed  tanks,  increases  in  numbers  of  microorganisms 
may  take  place,  since  the  temperature  of  evaporation  is  not  high  and  the 
milk  soon  cools.  The  high  temperature  of  the  roller  process  without 
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vacuum  destroys  almost  all  organisms  except  bacterial  spores.  Spray  dry¬ 
ing  and  vacuum-roller  drying  destroy  all  organisms  except  some  of  the 
thermodurics.  Since  the  Ameriean  Dry  Milk  Institute,  Inc.,  and  the 
United  States  Army  hav'e  set  the  bacterial  standards  for  dry  milk  given 
in  the  Appendix  and  the  Agricultural  Marketing  Serviee  of  the  United 
States  Department  of  Agriculture  has  set  standards  for  standard  plate 
counts  and  direct  microscopic  clump  counts  per  gram  of  powder,  the 
numbers  of  bacteria  in  the  final  product  are  important.  Thermoduric  bac¬ 
teria  are  most  numerous  in  the  dry  product:  heat-resistant  streptococci, 
micrococci,  aerobic  and  anaerobic  spore-formers,  and  speeies  of  Micro- 
bacterium. 

Milk  and  other  liquid  dairy  products  may  be  dried  by  lyophilization, 
a  process  in  which  the  quick-frozen  product  is  dried  under  a  high  vae- 
uum.  To  date  this  process  has  not  been  used  to  any  extent  commercially. 

Some  types  of  cheese  are  made  so  dry  that  microbial  spoilage  is  no 
problem. 

The  moisture  content  of  dry  dairy  products  should  be  low  enough  to 
prevent  the  growth  of  microorganisms,  but  usually  is  not  low  enough  to 
do  more  than  slow  dowm  chemical  chancres  like  the  oxidation  of  fats.  The 
lower  the  moisture,  the  slower  will  be  the  ehemieal  deterioration. 

Use  of  Preservatives 

Added  Preservatives.  The  addition  of  so-called  ehemieal  preservatives 
to  dairv  products  is  not  permitted  except  for  holding  samples  for  analy¬ 
sis.  As  has  been  stated,  added  sugar  acts  as  a  prcscr\ative  of  sweetened 
condensed  milk,  but  its  effect  is  mainlv  to  make  moisture  unavailable  to 
mieroorganisms  and  to  draw  moisture  from  them.  Sodium  chloride  has 
been  suggested  as  a  preservative  of  cream  for  buttermaking  but  has  not 
been  used  to  any  extent.  Common  salt  is  added  in  the  manufacture  of 
v^arious  kinds  of  cheese,  but  usuallv  is  more  for  flavor  or  for  controlling 
the  growth  of  microorganisms  during  manufacture  and  euring  than  for 
preserv  ation  of  the  finished  product.  The  sodium  chloride  in  salted  butter 
is  in  a  eoncentration  in  the  liquid  phase  sufficient  to  prev'ent  the  growth 
of  most  bacteria  and,  in  fact,  to  cause  a  decrease  in  numbers  of  those 
that  are  not  salt-tolerant.  In  butter  with  16.34  pereent  moisture  and  2.35 
joercent  salt,  the  water  phase  vvnuld  be  about  a  12.6  percent  salt  brine. 
The  earbonation  of  milk,  butter,  and  iee  cream  has  been  tried  as  an  aid 
in  preservation,  but  without  much  success.  The  smoking  of  cheese  is  pri¬ 
marily  for  the  addition  of  flavor,  although  the  drying,  especially  of  the 
rind,  and  the  chemical  preservatives  from  the  smoke  may  improve  the 
keeping  (jualitv'.  Mold  spoilage  of  cheese  is  delayeil  or  prevented  by  ad¬ 
dition  of  sorbic  acid  or  incorporation  in  the  wrapper. 

The  addition  of  hv’drogen  peroxide  has  been  combined  with  a  mild 
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lieat-treatment  in  the  experimental  pasteurization  of  milk  for  cheese 
making.  The  excess  of  peroxide  is  destroyed  by  added  catalase. 

Developed  Preservatives.  Fermented  milks  and  cheese  are  dairy  prod¬ 
ucts  preserved  partly  by  acid  produced  by  bacterial  activity.  Fermented 
milks,  often  called '  buttermilks,  include  cultured  buttermilk,  yoghurt, 
Bulgarian  buttermilk,  acidophilus  milk,  kefir,  kumiss,  skyT,  taette,  and 
numerous  others  v^'ery  similar  to  or  identical  with  the  ones  listed.  Cul¬ 
tured  sour  cream  is  a  similar  product.  In  all  of  these  fermented  milks 
lactic  acid  bacteria  carry  on  the  main  fermentation  to  produce  chiefly 
lactic  acid. 

Cultured  buttermilk  and  sour  cream  result  from  the  action  of  Strepto¬ 
coccus  cremoris  and  Jactis  at  about  70°F  (21.1°C)  to  produce  most  of 
the  acidity,  and  aroma-forming  bacteria,  Leuconostoc  dcxtranicum  and 
L.  citrovorum,  to  add  fla\'oring  substances  like  biacetyl  and  acetic  acid. 
The  first  aroma-former  may  produce  some  lactic  acid.  Usually  the  fer¬ 
mentation  is  continued  until  the  acidity  is  about  0.7  to  0.9  percent  as 
lactic  acid.  Sometimes  some  Bulgarian  buttermilk  is  mixed  in  to  improve 
the  bodv  of  the  cultured  buttermilk. 

Bulgarian  buttermilk  is  made  by  growth  of  a  pure  culture  of  Lacto¬ 
bacillus  hidoaricus  at  about  98.6°F  (37°C),  and  yoghurt  by  a  mixed 
culture  of  Streptococcus  thcrmophilus  and  Lactobacillus  bidgaricus.  The 
starter  for  kefir  is  kefir  grains,  which  are  cauliflow^erlike  aggregates  of  a 
mixture  of  microorganisms,  chiefly  Streptococcus  lactis,  S.  cremoris, 
Leuconostoc  dcxtranicum.  Bacillus  kefir,  and  several  yeasts.  In  addition 
to  acid  a  small  amount  of  alcohol,  0.5  to  1.0  percent,  is  produced,  and 
enough  carbon  dioxide  to  charge  the  drink  if  it  is  kept  tightly  sealed 
during  fermentation.  Kumiss,  ordinarily  made  from  mare’s  milk,  results 
from  fermentation  bv  a  mixture  of  lactics  and  veasts  carried  over  from 
a  previous  lot.  Acidophilus  milk,  prepared  for  its  therapeutic  properties 
for  intestinal  disorders,  utilizes  a  pure  culture  of  Lactobacillus  acidoph¬ 
ilus  grown  in  milk  that  has  been  sterilized  or  nearly  sterilized.  Taette 
is  a  ropy  buttermilk  made  by  means  of  a  ropy  varietv  of  Streptococcus 
lactis,  and  skyr  is  a  semisolid  fermented  milk  in  wfliich  chiefly  Strepto¬ 
coccus  tliermophilus  and  Lactobacillus  btdgaricus  have  been  active. 

The  acidity  of  the  fermented  milks  is  sufficient  to  prevent  spoilage  bv 
pioteolytic  oi  other  bacteria  that  are  not  acid-tolerant.  Chilling  is  neces¬ 
sary  to  stop  acid  formation  by  the  starter  bacteria  at  the  desired  stage, 
and  bottling  and  sealing  to  avoid  mold  grow'th. 

A  lactic  acid  fermentation  is  invoK'ed  in  the  making  of  most  kinds  of 
cheese.  Unripened  cheeses,  such  as  cottage  cheese  and  cream  cheese,  are 
made  by  starters  similar  to  those  used  for  cultured  buttermilk.  They  must 
be  chilled  and  kept  cold  until  consumed,  and  thev  have  a  comparatively 
short  keeping  time.  Ripened  cheeses  first  have  an  acid  fermentation  bv 
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lactics,  followed  by  the  action  of  other  inicroorganisins  during  ripening. 
The  soft,  ripened  cheeses,  like  Liinburger,  are  more  perishable  than  the 
harder  cheeses,  e.g.,  Cheddar  and  Swiss,  but  all  completely  cured  cheeses 
require  storage  at  chilling  temperatures  to  aid  in  their  preserv'ation. 
Cheeses  with  haid  rinds,  as  in  natural  Cheddar  and  Swiss,  are  protected 
by  these  rinds  to  some  extent  from  drying  and  spoilage.  The  acidity  of 
cheeses,  then,  is  just  one  preserwitiv^e  factor.  Chilling  also  is  necessary 
for  most  kinds  of  cheese,  as  well  as  packaging  for  perishable  cheeses  and 
cut  pieces  of  larger,  more  stable  cheeses.  Packaging  is  such  as  to  mini¬ 
mize  losses  of  moisture  and  penetration  of  o.xygen  which  permits  growth 
of  molds. 

In  general,  the  curing  or  ripening  processes  do  not  greatly  improve 
their  keeping  fjuality,  although  losses  in  moisture  occur  during  the  aging 
of  long-cured  hard  cheeses  and  a  protective  rind  forms  on  most  of  them. 
The  chemical  products  formed  during  ripening  have  little  preserxative 
effect  for  the  most  part;  in  fact  most  cheeses  become  more  alkaline  as 
they  age  and  hence  more  susceptible  to  spoilage  by  bacteria.  The  pro¬ 
pionate  formed  in  the  ripening  of  good  Swiss  cheese  delays  the  growth 
of  most  molds  on  the  cut  cheese. 

Use  of  Radiations,  Pressure,  and  Electric  Currents 

Although  an  effect  equivalent  to  pasteurization  can  be  obtained  In' 
the  treatment  of  milk  with  ultraviolet  ravs,  this  method  is  not  used  in 
the  preservation  of  milk,  because  only  a  thin  laver  of  milk  can  be  suc¬ 
cessfully  irradiated  and,  unless  great  care  is  taken,  a  “burnt”  fla\'or  will 
result.  Irradiation  of  milk  to  increase  the  vitamin-D  content  is  not  for 
its  preservation.  Other  uses  of  ultraviolet  light  in  the  dairy  industry  in¬ 
clude  irradiation  of  rooms  to  reduce  the  numbers  of  microorganisms  in 
the  air  in  processing  rooms  where  sweetened  condensed  milk  is  being 
prepared  or  cut  cheese  is  being  packaged,  and  in  cheese  curing  rooms. 
The  ravs  inhibit  mold  growth  on  the  sides  of  the  curing  cheese  exposed 
to  them  directly,  but  are  not  effective  on  the  shaded  side. 

.X  ravs,  cathode  rays,  and  gamma  rays  have  been  tried  experimentall)’ 
to  destroy  most  of  the  microorganisms  in  milk  and  lengthen  the  keeping 
time.  Dosages  large  enough  to  kill  all  or  most  of  the  microorganisjus 
present  have  rtxsulted  in  off-flavors  in  tlie  milk,  but  iiiethods  are  being 
developed  to  minimize  these  effects. 

Sound  wav'es,  especially  ultrasonic  vibrations  with  a  frecjuency  of  about 
8,900  cycles,  have  been  combined  with  a  temperature  of  10  to  50'^(.  ( 10^1 
to  I22°k’)  to  kill  most  of  the  vegetative  cells  in  milk  and  at  the  same  time 
soften  the  curd.  Ultrasonic  treatment  of  cheese  during  ripening  is  pri¬ 
marily  to  hasten  that  process  rather  than  to  kill  bacteria.  Fhese  methods 
are  not  in  practical  tise  at  present. 
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Alternating  electric  currents  have  been  applied  to  milk  as  a  method 
for  rapid  heating  in  the  high-temperature-short-time  pasteurization 
process.  Little  killing  effect  is  claimed  for  the  electric  current  itself,  for 
heating  is  the  main  effect  produced.  The  neutralization  of  milk  or  cream 
by  an  electric  current  has  been  reported  to  reduce  numbers  of  bacteria. 

A  combination  of  oxygen  under  a  pressure  of  8  to  10  atmospheres  and 
a  low  storage  temperature  of  4  to  8°C  (39.2  to  46.4°F)  has  been  used 
in  the  Hofius  method  to  preserve  milk  longer  than  by  ordinary  chilling. 

It  has  been  indicated  that  several  preser\’ative  factors  are  in\'olved  in 
the  preservation  of  milk  and  each  of  its  products.  Milk  for  market  sale 
or  for  the  manufacture  of  dairy  products  is  produced  as  aseptically  as  is 
practicable,  is  cooled  promptly,  and  is  kept  chilled.  Often  it  is  pasteur¬ 
ized,  and  market  milk  is  packaged  in  bottles  or  other  containers  to  keep 
out  microorganisms.  Cream  is  treated  similarly.  Fermented  milks  owe 
most  of  their  keeping  (jualities  to  the  acid  formed  during  the  fermenta¬ 
tion,  but  require  chilling  and  packaging  for  their  preservation.  Butter  is 
preserved  primarily  by  low  temperatures,  chilling  for  short-time  storage, 
or  freezing  temperatures  for  long-time  storage.  The  low  moisture  and 
salt  content  also  aid  in  the  preservation,  as  does  packaging  or  sealing  to 
prevent  contamination.  Cheese  is  preserved  by  the  acidity  produced  dur¬ 
ing  its  making,  by  chilling,  and  by  imper\'ious  rinds  or  by  packaging. 
Dry  milk,  if  properly  prepared,  has  too  little  moisture  for  microbial 
growth,  but  requires  packaging  to  prevent  contamination.  Evaporated 
milk  is  processed  by  steam  under  pressure  to  kill  all  or  most  microorgan¬ 
isms  and  is  sealed  in  cans  to  keep  out  contaminants.  Sweetened  con¬ 
densed  milk  undergoes  a  pasteurization  during  its  preparation,  contains 
a  high  concentration  of  sugars,  and  is  protected  by  the  sealed  can. 
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Spoilage  of  Foods 


Microorganisms  are  an  important  cause  but  not  the  only  cause  of  the 
deterioration  of  foods.  Tins  section,  how^ever,  will  deal  primarily  with 
spoilage  of  foods  hy  microorganisms,  with  emphasis  on  the  principles 
involved,  and  with  illustration  hy  means  of  a  limited  numher  of  examples. 
Consideration  of  all  kinds  of  microbial  decomposition  and  listing  of  the 
hundreds  of  references  woidd  expand  this  section  beyond  textbook  pro¬ 
portions.  Therefore  only  the  main  t\'pes  of  spoilage  ha\'e  been  considered 
and  the  references  have  been  limited  to  books  or  recent  re\aews,  when 
available,  or  to  recent  articles  that  summarize  earlier  work. 
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CHAPTER  17  General  Principles  Underlying  Spoilage 


FITNESS  OR  UNFITNESS  OF  FOOD  FOR  CONSUMPTION 

When  is  a  food  fit  to  eat?  Aecording  to  Tlioin  and  Hunter:  “A  product 
is  fit  for  food  if  a  discriminating  consumer,  knowing  tlie  story  of  its  pro¬ 
duction  and  seeing  the  material  itself,  will  eat  it,  and,  conversely  the 
same  product  is  spoiled  when  such  an  examiner  refuses  it  as  food.”  Ac¬ 
cording  to  this  definition  the  fitness  of  the  food  will  depend  upon  the 
person  judging  it,  for  what  one  person  will  eat  another  will  not.  Some 
of  the  British,  for  example,  like  their  game  meat  “high,”  with  a  strong 
flavor  developed  by  “hanging,”  or  aging,  the  meat,  while  most  Americans 
would  call  this  meat  spoiled.  The  buried  fish,  “titmuck,”  eaten  by  the 
Eskimos,  is  a  malodorous,  semiliquid  product  that  most  of  us  (as  well 
as  the  Eskimos  huskies )  vmuld  consider  inedible.  A  starving  person 
might  eat  food  that  he  would  not  eonsume  under  normal  conditions. 

Despite  differences  between  individuals  in  their  judgment  of  fitness 
of  food,  they  would  agree  on  certain  criteria  for  assurance  of  fitness: 
(1)  The  desired  stage  of  development  or  maturiW.  Fruits  should  be  at 
a  certain  but  differing  stage  of  ripeness;  sweet  corn  should  be  young 
enough  to  be  tender  and  milky;  poultry  preferably  is  from  birds  that  are 
fairly  young.  (2)  Freedom  from  pollution  at  any  stage  in  production  or 
handling.  Vegetables  should  not  be  consumed  raw  if  they  had  been  ferti¬ 
lized  with  sewage;  oysters  from  waters  contaminated  with  sewage  should 
he  1  ejected;  food  handled  by  dirty  or  diseased  vendors  should  be 
spurned;  food  contaminated  by  flies  or  rodents  should  be  suspect.  (3) 
Freedom  from  objectionable  change  resulting  from  microbial  attack  or 
action  of  enzymes  of  the  food.  Sometimes  it  is  difficult  to  draw  a  line 
etween  spoilage  by  microorganisms  and  harmless  growth,  or  the  same 
type  of  change  may  be  considered  undesirable  in  one  food  and  desirable 
m  anotlier.  Thus  the  housewife  says  that  sour  milk  has  “spoiled,”  but  the 
cultured  buttermilk  made  by  the  same  lactic  acid  fermentation  is  good. 
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Putrefaction  in  meat  means  definite  spoilage,  hut  putrefactive  changes 
in  Limhurger  cheese  are  normal  to  the  ripening  process.  Some  changes 
termed  spoilage  may  be  only  changes  in  appearance  or  physical  charac¬ 
teristics,  as  in  wilted  lettuce  or  flabby  carrots,  although  the  product  prob¬ 
ably  has  undergone  no  microbial  spoilage  and  there  has  been  little  loss 
in  nutritive  v^alue.  Yet  each  one  of  us  has  his  own  idea  about  whether  a 
food  is  spoiled  or  not  and  usually  can  come  to  a  decision  about  its  edi¬ 
bility  without  much  difficulty. 


C.\USES  OF  SPOIL.\GE 

Decay  or  decomposition  of  undesirable  nature  usually  is  inferred  wflien 
the  term  “spoiled”  is  applied  to  food,  wfliile  food  unfit  to  eat  for  sanitary 
reasons  usually  is  not  called  spoiled.  Spoilage  may  be  due  to  one  or  more 
of  the  following: 

1.  Growth  and  activity  of  microorganisms  (or  higher  forms  occasion¬ 
ally).  Often  a  succession  of  organisms  is  inv'olved. 

2.  Insects. 

3.  Action  of  the  enzymes  of  the  plant  or  animal  food. 

4.  Purelv  chemical  reactions,  that  is,  those  not  catalvzed  bv  enzvmes 
of  the  tissues  or  of  microorganisms. 

5.  Physical  changes,  such  as  those  caused  by  freezing,  burning,  drying, 
pressure,  etc. 

The  discussion  to  follow  will  be  devoted  chieflv^  to  spoilage  caused  by 
microorganisms. 


CLASSIFICATION  OF  FOODS  ON  EASE  OF  SPOILAGE 

On  the  basis  of  ease  of  spoilage  foods  can  be  placed  into  three  groups: 

1.  Stable  or  nonperishable  foods.  These  foods,  which  do  not  spoil  un¬ 
less  handled  carelessly,  include  products  such  as  sugar,  flour,  and  dry 
beans. 

2.  Semiperishable  foods.  If  these  foods  are  properly  handled  and 
stored  they  will  remain  unspoiled  for  a  fairly  long  period;  examples  are 
potatoes,  some  varieties  of  apples,  w'axed  rutabagas,  and  nut  meats. 

3.  Perishable  foods.  This  group  includes  most  of  our  important  daily 
foods,  that  spoil  readily  unless  special  preservative  methods  are  used. 
Meats,  fish,  poultrv^  most  fruits  and  vegetables,  eggs,  and  milk  belong 
in  this  cla.ssification. 

Most  foods  fall  into  one  of  the  above  three  groups,  but  some  are  near 
enough  the  border  line  to  be  diflicult  to  place. 
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FACTORS  AFFECTING  KINDS  AND  NUMBERS  OF 
MICROORGANISMS  IN  FOOD 

The  kind  of  spoilage  of  foods  by  microorganisms  and  enzymes  will  de¬ 
pend  upon  the  kinds  and  numbers  of  these  agents  present  and  upon  the 
environment  about  them.  Most  raw  foods  contain  a  variety  of  bacteria, 
yeasts,  and  molds  and  may  contain  plant  or  animal  enzymes  as  the  case 
may  be.  Because  of  the  particular  environmental  conditions,  only  a  small 
proportion  of  the  kinds  of  microorganisms  present  will  be  able  to  grow 
rapidly  and  cause  spoilage,  usually  either  a  single  kind  of  organism  or 
sometimes  two  or  three  types,  and  these  may  not  have  been  predominant 
in  the  original  food.  If  spoilage  by  the  first  organism  or  organisms  is  al¬ 
lowed  to  proceed,  one  or  more  other  kinds  of  organisms  are  likely  to 
produce  secondary  spoilage,  or  even  a  further  succession  of  organisms 
and  changes  may  be  in\^olved. 

The  kinds  and  numbers  of  microorganisms  that  will  be  present  on  or 
in  food  will  be  influenced  by  the  kind  and  extent  of  contamination,  pre¬ 
vious  opportunities  for  the  growth  of  certain  kinds,  and  pretreatments 
which  the  food  has  received. 

Contamination  may  increase  numbers  of  microorganisms  in  the  food 
and  may  even  introduce  new  kinds.  Thus  wash  water  may  incorporate 
surface-taint  bacteria  in  butter;  plant  equipment  may  add  spoilage  or¬ 
ganisms  to  foods  during  processing;  washing  machines  may  add  them 
to  eggs;  and  dirty  boats  may  add  them  to  fish.  The  increased  “load”  of 
microorganisms,  especially  of  those  which  cause  spoilage,  makes  preser¬ 
vation  more  difficult,  i.e.,  spoilage  is  more  likelv  and  more  rapid,  and 
perhaps  takes  a  different  form  from  that  which  would  have  appeared 
without  the  contamination. 

Growth  of  microorganisms  in  or  on  the  food  obviously  will  increase 
numbers  or  the  “load”  of  microorganisms,  and  presumably  in  most  foods 
will  bring  about  the  greatest  increase  in  the  organisms  most  likely  to  be 
concerned  with  spoilage.  The  heavier  “load”  will  add  to  the  difficulty  of 
preventing  spoilage  of  the  food  and  may  influence  the  kind  of  spoilage 
to  be  anticipated. 

Pretreatments  of  foods  may  remove  or  destroy  some  kinds  of  micro¬ 
organisms,  add  organisms,  or  change  the  proportions  of  those  present  or 
inactivate  part  or  all  of  the  food  enzymes,  and  thus  limit  the  number  of 
spoilage  agents  and  hence  the  possible  types  of  spoilage.  Washing,  for 
example,  may  remov^e  organisms  from  the  surface  or  may  add  some  from 
the  wash  water.  If  washing  is  by  means  of  an  antiseptic  or  germicidal 
solution,  numbers  of  organisms  may  be  greatly  reduced  and  some  kinds 
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eliminated.  Treatment  witli  rays,  ozone,  sulfur  dioxide,  or  germicidal 
vapors  will  reduce  numbers  and  be  selective  of  kinds.  High  temperatures 
will  kill  more  and  more  organisms  and  leave  fewer  and  fewer  kinds  as 
the  heat-treatment  is  increased.  Storage  under  various  conditions  ma\' 
either  increase  or  decrease  kinds  and  numbers.  Any  of  the  above,  as  well 
as  other  treatments  not  mentioned,  will  influence  the  numbers,  kinds, 
proportions,  and  health  of  the  microorganisms. 


F.\CTOHS  AFFECTING  THE  GROWTH  OF  MICROORGANISMS 
IN  FOOD 

.\ssociative  Growth 


Associations  of  microorganisms  with  each  other  are  invoked  in  spoil¬ 
age  or  fermentations  of  most  kinds  of  food.  Competition  between  the 
different  kinds  of  bacteria,  veasts,  and  molds  in  a  food  ordinarily  deter¬ 
mines  whieh  one  will  outgrow  the  others  and  cause  its  characteristic  t\’pe 
of  spoilage.  If  conditions  are  favorable  for  all,  bacteria  usually  grow 
faster  than  yeasts,  and  veasts  faster  than  molds.  Therefore,  yeasts  out¬ 
grow  bacteria  only  when  thev  are  predominant  in  the  first  place  or  when 


conditions  are  such  as  to  slow  down  the  bacteria.  Molds  can  predominate 
onlv  when  conditions  are  better  for  them  than  for  yeasts  or  bacteria.  The 
different  kinds  of  bacteria  present  compete  amongst  themsek  es,  with  on(‘ 
kind  usuallv  outstripping  the  others.  likewise,  if  yeasts  are  favored,  one 
kind  usually  will  outgrow  others;  and  among  the  molds  one  kind  will 
find  conditions  more  favorable  than  will  other  kinds.  Microorganisms  are 
not  akvavs  antagonistic,  or  antibiotic,  to  each  other,  however,  and  may 
sometimes  be  svmbiotic,  that  is  mutually  helpful,  or  they  may  grow 
simultaneously  without  seeming  to  aid  or  hinder  each  other.  Two  kinds 
of  mieroorganisms  mav  be  synergistic,  that  is,  when  growing  together 
thev  mav  be  able  to  bring  about  changes,  such  as  fermentations,  that 
neither  could  produce  alone.  Pseudomonas  st/ncijanea  growing  alone  in 
milk  prodiiees  onlv  a  light-brownish  tinge;  Streptococcus  lactis  causes  no 
eolor  ehange  in  milk;  but  when  the  two  organisms  grow  together  a  bright- 
blue  color  dev  elops. 

K  most  important  effect  of  a  microorganism  upon  another  is  the  nieta- 
biotic  one,  when  one  organism  makes  conditions  favorable  for  growth  of 
the  second.  Both  organisms  may  be  growing  at  the  same  time,  but  more 
eommonly  one  suceeeds  the  other.  Most  natural  fermentations  or  decom¬ 
positions  of  raw'  foods  illustrate  metabiosis.  Raw  milk  at  room  tempera¬ 
ture  normally  first  supports  an  acid  fermentation  by  Streptococcus  Uutis 
and  coliform  bacteria  until  the  bacteria  are  inhibited  by  the  acid  they 
have  produced.  Next  the  aeid-tolerant  lactobacilli  increase  the  acidity 
further  until  they  are  stopped.  Then  film  yeasts  and  molds  grow  over  the 
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top,  finally  reducing  the  acidity  so  that  proteolytic  bacteria  can  become 
active.  Metabiosis  in  the  sauerkraut  fermentation  has  been  discussed  in 
Chapter  12.  It  will  be  recalled  that  the  normal  succession  of  organisms 
is  first,  miscellaneous  bacteria,  chiefly  coliform;  second,  Leuconostoc 
incscntcroidcs;  third,  Lactobacillus  planfarum;  and  last,  Lactobacillus 
brevis.  Numerous  other  examples  of  metabiosis  will  be  cited  in  the  dis¬ 
cussion  to  follow  of  the  spoilage  of  various  foods. 


Effect  of  Environmental  Conditions 

The  environment  determines  which  of  the  different  kinds  of  micro¬ 
organisms  present  in  a  food  will  outgrow  the  others  and  cause  its  charac¬ 
teristic  t)pe  of  change  or  spoilage.  The  factors  that  make  up  this  en\aron- 
ment  are  interrelated,  and  their  combined  effect  determines  the  organ¬ 
isms  to  grow  and  the  effects  to  be  produced.  Chief  of  these  factors  are 
the  physical  and  chemical  properties  of  the  food,  the  availability  of 
oxygen,  and  the  temperature. 

Physical  State  and  Structure  of  the  Food.  The  physical  state  of  the 
food,  its  colloidal  nature,  whether  it  has  been  frozen,  lieated,  moistened, 
or  dried,  together  with  its  biological  structure,  may  have  an  important 
influence  on  whether  a  food  will  spoil  or  not  and  the  type  of  spoilage. 

The  water  in  food,  its  location  and  availability,  is  one  of  the  most  im¬ 
portant  factors  influencing  microbial  growth.  Water  may  be  considered 
both  as  a  chemical  compound  necessary  for  growth  and  as  part  of  the 
physical  structure  of  the  food. 

The  moisture  requirements  of  molds,  yeasts,  and  bacteria  have  been 
discussed  in  Chapters  1,  2,  and  3,  respectively.  It  has  been  emphasized 
that  all  microorganisms  recpiire  moisture  for  growth  and  that  all  grow 
best  in  the  piesence  of  a  plentiful  supply.  This  moisture  must  be  available 
to  the  oiganisms,  that  is,  not  tied  up  in  any  way,  such  as  by  solutes  or 
by  a  hydrophilic  colloid  like  agar.  Solutes  such  as  salt  or  sugar  dissolved 
m  the  water  cause  an  osmotic  pressure  that  tends  to  draw  water  from 
the  cells  if  the  concentration  of  dissoK  ed  materials  is  greater  outside  the 
cells  than  inside.  It  should  be  recalled  that  when  the  relative  humidity 
of  the  air  about  the  food  corresponds  to  the  available  moisture  or  the 
water  activity  (a,^)  of  the  food,  the  food  and  air  about  it  will  be  in 
equilibrium  in  regard  to  moisture.  If  the  relative  humidiU^  of  the  air  is 
correspondingly  greater  than  the  of  the  food,  the  latter  will  take  up 
moisture.  If  the  relative  humidity  of  the  air  is  correspondinglv  lower 
lan  le  a,,,  of  the  food,  the  food  will  lose  moisture  at  its  surface  This 
loss  of  moisture  at  the  surface  will  cause  the  diffusion  of  water  from  the 

-f  ^^^^isture 

soHd  nie^'  t  the  food.  Spoilage  of  most 

pieces  of  food  usually  is  initiated  at  the  surface  and  even  may  take 
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place  mostly  there.  Therefore,  a  lack  of  available  moisture  at  the  surface 
may  be  an  important  preservative  factor,  or,  conversely,  a  plenitude  of 
available  moisture  at  the  surface  is  likely  to  favor  microbial  spoilage  and 
the  spread  of  spoilage  organisms,  especially  of  motile  ones. 

A  consideration  of  the  moisture  retjuirements  of  microorganisms  leads 
to  some  general  conclusions: 

1.  Each  organism  has  its  own  characteristic  optimum  a,,-  and  its  own 
range  of  for  growth  for  a  given  set  of  environmental  conditions. 
Factors  affecting  the  moisture  recpiirements  of  organisms  are  (a)  the 
nutritive  properties  of  the  substrate,  (h)  its  pH,  (c)  its  content  of  in- 
hibitoi-v  substances,  (cl)  availability  of  free  oxygen,  and  (e)  temperature. 
The  range  of  ci,r  permitting  growth  is  narrowed  if  any  of  these  environ¬ 
mental  factors  is  not  optimal,  and  narrowed  still  more  if  two  or  more 
conditions  are  not  favorable. 


Table  17-1.  Lowest  fl-  Values  Permitting  Growth  of  Spoilage  Organismsf 

Group  of  microorqnnintm  M^mtnum  indue 

Normal  bacteria .  0.91 

Normal  yeast.s .  0  88 

Normal  molds .  0  80 

Halophilic  bacteria .  0  /5 

Xerophilic  fungi .  0  (>5 

Osmophilic  yeasts .  O.OO 

t  After  Mossel  and  Ingram,  1955. 

2.  An  unfavorable  a,r  will  result  not  only  in  a  reduction  in  rate  of 

growth,  but  also  in  a  lowered  ma.ximum  yield  of  cells. 

3.  The  more  unfavorable  the  o,.  of  the  substrate,  the  greater  will  be 
the  delay  (lag)  in  initiation  of  growth  or  germination  of  spores.  This 
often  is  as  important  in  food  preservation  as  reduction  in  the  rate  ol 

growth  of  the  organism. 

4.  In  General,  bacteria  rerinire  more  moisture  than  yeasts,  and  yeasts 
more  than  molds  as  is  shown  in  Table  lV-1,  after  Mossel  and  Ingram, 
showing  lower  limits  of  a„  for  bacteria,  yeasts,  and  molds.  There  are 
notable  exceptions  to  this  generalization,  however,  for  some  molds  liavo 
a  higher  minimum  for  grow-th  ( and  spore  germination )  than  many 

veasts  and  some  bacteria.  r  i  i.  . 

5.  Microorganisms  that  can  grow  in  high  concentrations  of  so  u  es, 

e.g.,  sugar  and  salt,  oinionsly  have  a  low  minimum  It  is  to  he  notei 
that  most  halophiles  are  bacteria  an<I  most  osmophiles  are  yeast.s. 

.4  drv  food  like  bread  is  most  likely  to  be  spoiled  by  molds;  sirups 
ami  bonev  with  their  fairly  high  sugar  content  and  henca-  lowere.  a, 
favor  the'growth  of  osmophilic  yeasts;  and  moist,  neutral  foods,  sucli  .. 
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milk,  meats,  fish,  and  eggs,  ordinarily  are  spoiled  by  bacteria.  However, 
environmental  factors  other  than  moisture  should  be  kept  in  mind  in 
predicting  the  type  of  microorganism  apt  to  cause  spoilage.  Grape  juice, 
for  example,  mav  favor  yeasts  because  of  its  fairly  high  sugar  content  and 
low  pH,  but  will  support  the  growth  of  bacteria  if  incubation  tempera¬ 
tures  are  too  high  or  too  low  for  fermentative  yeasts.  Refrigerated  foods 
may  mold  in  the  presence  of  air  but  undergo  bacterial  spoilage  in  its 
absence.  Honey,  although  its  sugar  content  is  too  high  for  most  yeasts 
but  not  for  some  of  the  molds,  rarely  is  spoiled  by  molds  because  of 
fungistatic  substances  present. 

An  a,r  as  low  as  0.70  is  supposed  to  make  unlikely  any  spoilage  by 
microorganisms  of  a  food  held  at  room  temperature.  This  is  approxi¬ 
mately  the  level  of  available  moisture  in  dry  milk  at  8  percent  total 
moisture,  dried  whole  egg  at  10  to  11  percent,  flour  at  13  to  15  percent, 
nonfat  drv  milk  at  15  percent,  dehydrated  fat-free  meat  at  15  percent, 
seeds  of  leguminous  crops  at  15  percent,  dehvdrated  N'egetables  at  14  to 
20  percent,  dehydrated  fruits  at  18  to  25  percent,  and  starch  at  18  percent 
(Mossel  and  Ingram). 

It  is  possible  for  microorganisms  growing  in  food  to  change  the  level 
of  available  moisture  by  release  of  metabolic  water  or  by  changing  the 
substrate  so  as  to  free  water.  In  the  production  of  ropiness  in  bread,  for 
example,  it  is  supposed  that  Bacilhis  subtilis  causes  the  release  of  mois¬ 
ture  as  a  result  of  the  decomposition  of  starch  and  in  this  wav  makes 
conditions  more  favorable  for  its  own  growth.  Destruction  of  moisture¬ 
holding  tissues,  as  in  fruits  by  molds,  may  make  water  available  to  yeasts 
or  bacteria.  ■ — 

Freezing  not  only  prevents  microbial  growth  if  the  temperature  is  suffi¬ 
ciently  low,  but  also  is  likely  to  damage  tissues,  so  that  juices  released 
on  thawing  favor  microbial  growth.  Freezing  also  increases  the  concen¬ 
tration  of  solutes  in  the  unfrozen  portion  as  the  temperature  is  lowered, 
slowing  down  and  finally  stopping  the  growth  of  organisms  able  to  grow 
at  temperatures  below  0°C  (32°F).  Freezing  aho  pulls  water  "from 
hydrophilic  colloids  that  is  not  wholly  reabsorbed  on  thawing. 

Heat  processing  may  change  not  only  the  chemical  composition  of 
the  food  (to  be  discussed  later),  but  also  its  structure,  softening  tissues, 
releasing  or  tying  up  moisture,  destroying  or  forming  colloidal"  suspen¬ 
sions,  gels,  or  emulsions,  and  changing  the  penetrabilit\^  of  the  food  to 
moisture  and  oxygen.  Protein  may  become  denatured  and  therefore  more 
available  to  some  organisms  than  it  was  in  the  native  state.  Starch  or 
protem  may  become  gelated,  releasing  moisture  and  becoming  more 
easily  decomposed.  For  the  reasons  just  indicated,  cooked  food  usually 
is  more  easily  decomposed  than  the  original  fresh  food. 

Changes  in  the  colloidal  constituents  of  foods  may  be  caused  bv 
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agencies  other  than  the  freezing  or  heating  processes,  by  sound  waves, 
for  instance,  but  the  results  would  be  similar.  Emulsions  of  fat  and  water 
are  more  likely  to  spoil,  and  the  spoilage  will  spread  more  rapidly  when 
water  is  the  continuous  phase  and  fat  the  discontinuous  one,  as  in  French 
dressing,  as  compared  to  butter,  where  the  reverse  is  true. 

The  effect  of  the  biological  structure  of  food  on  the  protection  of  foods 
against  spoilage  has  been  mentioned  in  Chapter  6.  It  has  been  noted  that 
the  inner  parts  of  whole,  healthy  tissues  of  living  plants  and  animals  are 
either  sterile  or  at  least  low  in  microbial  content.  Therefore,  unless  oppor- 
tunitv  has  been  given  for  their  penetration,  spoilage  organisms  within 
may  be  few  or  lacking.  Often  there  is  a  protective  covering  about  the 
food,  such  as  the  shell  on  eggs,  the  skin  on  fowl,  the  shell  on  nuts,  and 
the  rind  or  skin  on  fruits  and  vegetables,  or  we  may  have  surrounded  the 
food  with  an  artificial  coating,  e.g.,  plastic  or  wax.  This  physical  protec¬ 
tion  to  the  food  may  not  only  aid  in  its  preservation  but  may  also  de¬ 
termine  the  kind,  rate,  and  course  of  spoilage.  Layers  of  fat  over  meat 
mav  protect  that  part  of  the  flesh,  or  scales  may  protect  the  outer  part 
of  the  fish.  On  the  other  hand,  an  increase  in  exposed  surface,  brought 
about  by  peeling,  skinning,  chopping,  or  comminution,  may  serve  not 
only  to  distribute  spoilage  organisms  but  also  to  release  juices  containing 
food  materials  for  the  invaders.  The  disintegration  of  tissues  by  freezing 
may  accomplish  a  similar  result. 

In  meat  the  growth  of  spoilage  bacteria  takes  place  mostly  in  the  fluid 
between  the  small  meat  fibers,  and  it  is  only  after  rigor  mortis  that  much 
of  this  food  material  is  released  from  the  fibers  to  become  axailable  to 
spoilage  organisms. 

Chemical  Properties  of  the  Food.  The  chemical  composition  of  a  food 
determines  how  satisfactory  it  will  be  as  a  culture  medium  for  micro¬ 
organisms.  Each  organism  has  its  own  characteristic  ability  to  utilize 
certain  substances  as  food  for  energ\’  and  certain  substances  foi  giowth, 
and  it  grows  best  within  a  certain  range  of  av'ailable  moistuie  content 
and  of  hydrogen-ion  concentration  (pH  values).  Moisture  reciuirements 


have  been  discussed  above. 

Nutrients  in  the  food,  their  kinds  and  proportions,  are  all-important  in 
determining  what  spoilage  organism  is  most  likely  to  grow.  C.onsideration 
must  be  given  to  (1)  foods  for  energy,  (2)  foods  for  growth,  and  (3) 
accessorv  food  substances  or  v'itamins,  which  may  be  necessary  for  energ\ 


or  growth. 

1.  Foods  for  energy.  The  carbohydrates,  especially  the  sugars,  are  most 
commonly  used  as  foods  for  energ\’,  but  other  carbon  compounds  may 
serve,  such  as  esters,  alcohols,  peptides,  amino  acids,  and  organic  acids 
and  their  salts.  Complex  carbohydrates,  e.g.,  cellulose,  can  be  utilize( 
bv  comparativelv  few  kinds  of  organisms,  and  starch  can  be  hydrolxzeil 
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by  only  a  limited  number  of  kinds.  Microorganisms  differ  even  in  their 
ability  to  use  some  of  the  simpler  soluble  sugars.  Many  organisms  cannot 
use  the  disaccharide  lactose,  or  milk  sugar,  and  therefore  do  not  grow 
well  in  milk.  Maltose  is  not  attacked  by  some  yeasts.  It  will  be  recalled 
that  bacteria  often  are  identified  and  classified  on  the  basis  of  their 
ability  or  inability  to  utilize  various  sugars  and  alcohols.  Most  organisms, 
if  they  utilize  sugars  at  all,  can  use  glucose. 

The  ability  of  microorganisms  to  hydrolyze  pectin,  which  is  character¬ 
istic  of  some  kinds  of  bacteria  and  many  molds,  is  important,  of  course, 
in  the  softening  or  rotting  of  fruits  and  vegetables  or  fermented  products 
from  them. 

A  limited  number  of  kinds  of  microorganisms  can  obtain  their  energy 
from  fats,  but  will  do  so  only  if  a  more  readily  usable  energy  food,  such 
as  sugar,  is  absent.  First,  the  fat  must  be  hydrolyzed  with  the  aid  of  lipase 
to  glycerol  and  fatty  acids,  which  then  may  serve  as  foods  for  energy  for 
the  hydrolyzing  organism  or  others.  In  general,  aerobic  microorganisms 
are  more  commonly  involv^ed  in  the  decomposition  of  fats  than  anaerobic 
ones,  and  the  lipolytic  organisms  usually  are  also  proteolytic.  Direct  o.\i- 
dation  of  fats  containing  unsaturated  fatty  acids  usually  is  chemical. 

Split  products  of  proteins,  peptides  and  amino  acids,  for  e.xample, 
serve  as  foods  for  energy  for  many  proteolytic  organisms  when  a  better 
energy  source  is  lacking,  and  as  foods  for  energy  to  other  organisms  that 
are  not  proteolytic.  Meats,  for  e.xample,  may  be  low  in  carbohydrate  and 
therefore  decomposed  by  proteolytic  species,  e.g.,  Pseiidomoum  spp., 
with  following  growth  of  weakly  or  nonproteolvtic  species  that  can 
utilize  the  products  of  protein  hydrolysis.  Organisms  differ  in  their 
ability  to  use  individual  amino  acids  for  energ\'  and  in  their  action  on 
them. 

Not  only  the  kind  of  energy  food  is  important  but  also  its  concentration 
in  solution  and  hence  its  osmotic  effect  and  the  amount  of  a\^ailal)le 
moistuie.  For  a  given  percentage  of  sugar  in  solution,  the  osmotic  pres-i 
sure  will  vary  with  the  weight  of  the  sugar  molecule.  Therefore,  a  10 
percent  solution  of  glucose  would  have  about  twice  the  osmotic  pressure 
of  a  10  percent  solution  of  sucrose  or  maltose  or  would  tie  up  twice  as 
much  moisture.  In  general,  molds  can  grow  in  the  highest  concentrations 
of  sugars  and  yeasts  in  fairly  high  concentrations,  but  most  bacteria  grow 
best  in  fairly  low  concentrations.  There  are,  of  course,  notable  exceptions 
to  this  generalization:  osmophilic  yeasts  grow  in  as  high  concentrations 

of  sugar  as  molds,  and  some  bacteria  can  grow  in  fairly  high  concentra¬ 
tions  of  sugar. 

Of  course,  an  adequate  supply  of  foods  for  growth  will  favor  utilization 
of  the  foods  for  energy.  More  carbohydrate  will  be  used  if  a  good 
nitrogen  food  is  present  in  sufficient  quantity  than  if  the  nitrogen  is  poor 
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in  kind  or  amount.  Organisms  recjuiring  special  accessory  growth  sub¬ 
stances  might  be  prevented  from  growing  if  one  or  more  of  these  “vita¬ 
mins”  were  lacking,  and  thus  the  whole  course  of  decomposition  might 
be  altered. 

2.  Foods  for  growth.  Microorganisms  differ  in  their  ability  to  use 
various  nitrogenous  compounds  as  a  source  of  nitrogen  for  growth.  Many 
organisms  are  unable  to  hydrolyze  proteins  and  hence  cannot  get  nitrogen 
from  them  without  help  from  a  proteolytic  organism.  One  protein  may  be 
a  better  source  of  nitrogenous  food  than  another  because  of  different 
products  after  hydrolvsis,  especially  different  peptides  and  amino  acids. 
Peptides,  amino  acids,  urea,  ammonia,  and  other  simpler  nitrogenous 
compounds  may  be  available  to  some  organisms  but  not  to  others,  or 
usable  under  some  environmental  conditions  but  not  under  others.  Some 


of  the  lactic  acid  bacteria  grow  best  with  polypeptides  as  nitrogen  foods, 
cannot  attack  casein,  and  do  not  grow  well  with  only  a  limited  number 
of  kinds  of  amino  acids  present.  The  presence  of  fermentable  carbo¬ 
hydrate  in  a  substrate  usually  results  in  an  acid  fermentation  and  sup¬ 
pression  of  proteolvtic  bacteria,  and  hence  in  what  is  called  a  sparing 
action  on  the  nitrogen  compounds.  Also,  the  production  of  obno.xious 
nitrogenous  products  is  prevented  or  inhibited. 

Many  kinds  of  molds  are  proteolytic,  but  comparatively  few  genera 
and  species  of  bacteria  and  very  few  yeasts  are  actively  proteoK  tic.  In 
general,  proteolytic  bacteria  grow  best  at  pH  values  near  neutrality  and 
are  inhibited  by  acidity,  although  there  are  exceptions,  such  as  proteolysis 
by  the  acid-proteolytic  bacteria  that  are  hydrolyzing  protein  while  pro¬ 
ducing  acid. 

The  minerals  required  by  microorganisms  are  nearly  always  present  at 
the  low  levels  recpiired,  but  occasionally  an  essential  mineral  may  be 
tied  up  so  as  to  be  unavailable,  or  even  may  be  lacking  or  present  in  in¬ 
sufficient  amounts.  An  e.xample  is  milk  drawn  into  a  glass  container,  such 
milk  containing  insufficient  iron  for  pigmentation  of  the  spores  of  Pem- 
cilliiim  roqueforti.  Once  milk  has  come  in  contact  with  steel  ecjuipment 
enough  iron  will  be  present. 

3.  Accessory  food  substances  or  vitamins.  As  has  been  indicated  pre- 
vioiislv,  some'  microorganisms  are  unable  to  manufacture  some  or  all  of 
tbe  vitamins  needed  and  must  have  them  furnished.  Most  natural  plant 
and  animal  foodstuffs  contain  an  array  of  these  vitamins,  hiit  some  may 
he  low  in  amount  or  lacking.  Thus  meats  are  high  in  B  vitamins  and 
fruits  are  low,  but  fruits  are  high  in  ascorbic  acid.  lEgg  white  contains 
biotin  but  also  contains  avidin  which  ties  it  up,  making  it  iinavailab  e 
to  microorganisms  and  eliminating  those  which  must  have  biotin  sup¬ 
plied  as  possible  spoilage  organisms)  The  processing  of  foiys  often 
reduces  the  vitamin  content:  thiamine,  pantothenic  acid,  the  folic  acic 
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group,  and  ascorbic  acid  ( in  air )  are  heat-labile;  and  drying  causes  a  loss 
in  vitamins  such  as  thiamine,  carotene,  and  ascorbic  acid.  Even  storage 
of  foods  for  long  periods,  especially  if  the  storage  temperature  is  ele- 
\’ated,  may  result  in  a  decrease  in  the  level  of  some  of  the  accessory 
grow  th  factors. 

Microorganisms  growing  in  a  food  may  either  supply  other  organisms 
wdth  vitamins  or  outcompete  them  in  obtaining  essential  vitamins. 

Hydrogen-ion  concentration,  or  pH,  and  buffering  power  of  the  food 
are  important  for  their  influence  on  the  kinds  of  microorganisms  most 
apt  to  grow  and  hence  the  changes  most  likely  to  be  produced.  The  effect 
of  pH  on  the  growth  of  molds,  yeasts,  and  bacteria  has  been  discussed 
briefly  in  Chapters  1,  2,  and  3.  It  wall  be  recalled  that  most  molds  can 
grow^  over  a  wader  range  of  pH  values  than  most  veasts  and  bacteria 
and  that  many  molds  grow  at  acidities  too  great  for  veasts  and  bacteria. 
Most  fermentative  yeasts  are  fa\’ored  by  a  pH  of  about  4.0  to  4.5,  as  in 
fruit  juices,  and  film  yeasts  grow-  w^ell  on  acid  foods,  such  as  sauerkraut 
and  pickles.  On  the  other  hand,  the  majority  of  veasts  do  not  grow  w^ell 
in  alkaline  substrates  and  must  be  adapted  to  such  media.  Most  bacteria 
are  favored  by  a  pH  near  neutrality,  although  some,  such  as  the  acid- 
formers,  are  favored  by  moderate  aciditv  and  others,  e.g.,  the  actively 
proteolytic  bacteria,  can  grow  in  media  wath  a  high  (alkaline)  pH,  as  is 
found  in  the  white  of  a  stored  egg. 

The  buffers  in  a  food,  that  is,  the  compounds  that  resist  changes  in 
pH,  are  of  importance  not  only  for  their  buffering  capacity  but  also  for 
their  ability  to  be  especially  effective  within  a  certain  pH  range.  Buffers 
permit  an  acid  (or  alkaline)  fermentation  to  go  on  longer  wath  a  greater 
yield  of  products  and  organisms  than  would  otherwdse  be  possible.  Vege¬ 
table  juices  have  low  buffering  powder,  permitting  an  appreciable  de¬ 
crease  in  pH  with  the  production  of  only  small  amounts  of  acid  by  lactic 
acid  ba£^ia  during  the  early  part  of  sauerkraut  and  pickle  fermenta¬ 
tions,  enabling  the  lactics  to  suppress  the  undesirable  pectin-bydrolyzing 
and  pioteolytic  competing  organisms.  Low  buffering  powder  makes  for 
a  more  rapidly  appearing  succession  of  microorganisms  during  a  fer¬ 
mentation  than  high  buffering  power.  Milk,  on  tbe  other  hand,  \s  fairly 
high  in  buffers  and  therefore  permits  considerable  growth  and  acid  pro¬ 
duction  by  lactic  acid  streptococci  in  the  manufacture  of  fermented  milks 
before  growth  is  stopped. 

Inhibitor, !  .tuhitanccs,  originally  present  in  the  food,  added  purposely 
or  accidentally,  or  developed  there  by  growth  of  microorganisms  or  by 
processing  methods,  may  inhibit  growth  of  all  microorganisms  or,  more 
often,  may  deter  certain  specific  kinds.  Examples  of  inhibitors  naturally 
present  are  the  lactenins  and  anticoliform  factor  in  freshly  drawai  milk 
lysozyme  in  egg  white,  and  benzoic  acid  in  cranberries.  Chapter  10  lists 
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a  number  of  chemical  preservatives  that  may  be  added  to  foods,  for 
example,  propionates  or  sorbic  acid  added  to  bread  to  prevent  ropiness 
and  spoilage  by  molds,  sodium  benzoate  added  to  catchup  or  oleo¬ 
margarine,  sulfur  dioxide  added  to  acid  fruits  and  some  cane  sirups, 
constituents  of  wood  smoke  added  to  meat  or  fish  during  smoking,  etc. 
Present  by  accident  may  be  residues  of  detergents  or  sanitizers  used  in 
the  treatment  of  cf|uipment,  insecticides,  herbicides,  etc.  A  microorgan¬ 
ism  growing  in  a  food  may  produce  one  or  more  substances  inhibitory 
to  other  organisms,  products  such  as  acids,  alcohols,  peroxides,  or  even 
antibiotics.  Propionic  acid  produced  by  the  propionibacteria  in  Swiss 
cheese  is  inhibitorv  to  molds;  alcohol  formed  in  cjuantity  by  wine  yeasts 
inhibits  competitors;  and  nisin  produced  by  cei^ain  strains  of  Streptococ¬ 
cus  Idct'is  may  be  useful  in  inhibiting  lacta^-ferm^iting,  gas-forniing 
clostridia  in  curing  cheese  and  undesirable  in  slowing  down  some  of  die 
ess^tial  lactic  acid  streptococci  during  thejnanufacturing  process.  There 
also  is  the  possibility  of  th7  destruction  of  inhibitory'compounds  in  foods 
by  microorganisms.  Certain  molds  and  bacteria  are  able  to  destroy  some 
of  the  phenol  compounds  that  are  added  to  meat  or  fish  by  smoking  or 
benzoic  acid  added  to  foods,  sulfur  dioxide  is  destroyed  by  yeasts  re¬ 
sistant  to  it,  and  lactobacilli  can  inactivate  nisin.  Heating  of  foods  may 
result  in  the  formation  of  inhibitorv  substances:  heating  of  lipides  may 
hasten  autooxidation  and  make  them  inhibitory;  and  browning  of  concen¬ 
trated  sugar  sirups  may  result  in  the  production  of  furbiral  and  hydroxy- 
methvl  furfural  that  are  inhibitory  to  fermenting  organisms.  Long  storage 


at  warm  temperatures  may  produce  similar  results. 

Oxu^en  Tension  and  Oxidation-reduction  Potential.  The  oxygen  ten¬ 
sion  o^  partial  pressure  of  oxygen  about  a  food  and  the 
tion  (O-W)  potential  or  reducing  and  oxidizing  power  of  the  food  i  se 
influence  the  tvpe  of  organisms  to  grow  and  hence  the  changes  producce 
in  the  food.  The  O-R  potential  of  the  food  is  determined  by  (1)  the 
characteristic  O-R  potential  of  the  original  food;  (2)  the 
itv,  that  is,  the  resistance  to  change  in  potential,  of  ^1^  f^d  (•  ) 
oxvcren  tension  of  the  atmospliere  about  the  food:  and  (4)  the  acces.s 
which  the  atn,osphere  l,as  to  the  food.  .Air  l>as  a  high  oxygen  h-'ns.on  n. 
the  l,ea<l  space  in  an  “evacuated”  can  of  food  wonid  have  a  low  oxygrn 


From  the  ,stan<lpoint  of  ahilitv  to  use  free  oxygen,  ,n.croorgan,s,ns  h. 

been  classified  as  aerobic  wl.en  ti.ey  reqnire  free  " 

thev  -row  t,est  in  the  absence  of  free  oxygen,  and  facultative  when  tlux 
Z  Cll  either  aerohieallv  or  anaerobically.  Mohls  a-  aeroln.  in 
v'easts  -row  best  aerohieallv;  and  bacteria  of  ( liferent  kn  ds  n  ax  1 
aeroi.ic  anaerobic,  or  facultative.  From  the  standpoint  of  ’ 

a  high  (oxidi/ing)  potential  favors  aerobes  hnt  will  permit  tie  grin 
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of  facultative  organisms,  and  a  low  ( reducing )  potential  fav  ors  anaerobic 
or  facultative  organisms.  However,  some  organisms  that  are  considered 
aerobic  can  grow,  but  not  well,  at  surprisingly  low  O-R  potentials. 
Growth  of  an  organism  may  alter  the  O-R  potential  of  a  food  enough  to 
restrain  other  organisms.  Anaerobes,  for  example,  may  lower  the  O-R 
potential  to  a  level  inhibitorv  to  aerobes. 

Most  fresh  plant  or  animal  foods  have  a  low  and  well-poised  O-R 
potential  in  their  interiors,  the  plants  because  of  reducing  substances 
such  as  ascorbic  acid  and  reducing  sugars,  and  animal  tissues  because  of 
— SH  and  other  reducing  groups.  As  long  as  the  plant  or  animal  cells 
respire  and  remain  active  thev  tend  to  poise  the  O-R  svstem  at  a  low 
level,  resisting  the  effect  of  oxvgen  diffusing  from  the  outside.  Therefore, 
a  piece  of  fresh  meat  or  a  fresh  whole  fruit  would  ha\’e  aerobic  condi¬ 
tions  only  at  and  near  the  surface.  The  meat  could  support  aerobic 
growth  of  slime-forming  or  souring  bacteria  at  the  surface  at  the  same 
time  that  anaerobic  putrefaction  was  proceeding  in  the  interior.  This 
situation  may  be  altered  by  the  application  of  processing  procedures. 
Heating  may  reduce  the  poising  power  of  the  food  bv  destruction  or 
alteration  of  reducing  and  oxidizing  substances  and  also  allow  more  rapid 
diffusion  of  oxygen  inwards,  either  because  of  the  destruction  of  poising 
substances  or  because  of  changes  in  the  physical  structure  of  the  food. 
Processing  also  may  remove  oxidizing  or  reducing  substances;  thus  clear 
fruit  juices  have  lost  reducing  sid:)stances  by  their  removal  during  extrac¬ 
tion  and  filtration  and  therefore  have  become  more  favorable  to  the 
growth  of  yeasts  than  was  the  original  juice  containing  the  pulp. 

In  the  presence  of  limited  amounts  of  oxvgen  the  same  aerobic  or 
facultative  organisms  may  produce  incompletely  oxidized  products,  such 
as  organic  acids,  from  carbohydrates,  when  with  plentv  of  oxvgen  avail¬ 
able  complete  oxidation  to  carbon  dioxide  and  water  might  result.  Pro¬ 
tein  decomposition  under  anaerobic  conditions  may  result  in  putrefac¬ 
tion,  whereas  under  aerobic  conditions  the  products  are  likely  to  be  less 
obnoxious. 


1  emperature.  Any  nonsterile  food  is  likelv  to  spoil  in  time  if  moist 


^  ^  I  r  )■  omce  microorganisms  differ 

so  widely  in  their  optimum,  minimum,  and  maximum  temperatures  for 
growth.  It  IS  obvious  that  the  temperature  at  which  a  food  i\ 
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grow  well  at  ordinary  room  temperatures  and  many  of  them  grow  fairly 
well  at  low  temperatures,  some  even  at  freezing  or  slightly  below.  .Al¬ 
though  most  bacteria  grow  best  at  ordinary  temperatures,  some  ( thermo- 
philes )  grow  well  at  high  temperatures  and  others  ( psychrophiles )  at 
chilling  temperatures.  Therefore,  molds  often  grow  on  refrigerated  foods, 
and  thermophilic  bacteria  grow  in  the  hot  pea  blanchers.  Raw  milk 
held  at  different  temperatures  supports  the  initial  growth  of  different 
bacteria.  At  temperatures  near  freezing,  cold-tolerant  bacteria,  such  as 
Pseudomonas  and  Achromohacter  species,  are  favored;  at  room  tempera¬ 
tures  Streptococcus  hctis  and  coliform  bacteria  usually  predominate;  at 
40  to  45°C  (104  to  113°F)  thermoduric  lactics,  e.g..  Streptococcus 
thermophihis  and  Streptococcus  faecalis  grow  first;  and  at  55  to  60°C 
(131  to  140°F)  thermophilic  bacteria  like  Lactobacillus  thermophihis 
will  grow. 

It  should  be  kept  in  mind  that  the  temperature  at  which  a  raw  food 
is  stored  may  affect  its  self-decomposition  and  therefore  its  susceptibility 
to  microbial  spoilage.  As  noted  in  Chapter  8,  wrong  storage  temperatures 
for  fruits  weaken  them  and  may  make  them  more  likely  to  spoil. 

Temperatures  commonly  used  in  handling  and  storing  foods,  especially 
in  the  market  and  in  the  home,  are  very  different  in  different  countries. 
In  this  country  the  refrigeration  of  most  perishable  foods  is  the  rule,  and 
keeping  such  foods  at  atmospheric  temperatures  for  very  long  is  the  ex¬ 
ception,  but  the  reverse  is  true  in  many  foreign  lands.  Therefore,  the 
most  commonly  occurring  type  of  spoilage  of  a  food  might  be  entirely 
different  in  different  countries.  In  the  United  States,  concern  with  spoil¬ 
age  of  most  perishable  foods  is  mostly  with  changes  at  chilling  tempera¬ 
tures,  and  psychrophilic  strains  of  Pseudomonas,  Mhromohacter,  Flavo- 
hacterium,  Alcaligenes,  and  other  genera  and  certain  yeasts  and  molds 
would  be  important.  Where  foods  are  not  refrigerated  customarily,  the 
prevailing  atmospheric  temperatures  of  the  area  would  be  significant, 
and  differences  during  the  seasons  of  the  year  would  have  to  be  con¬ 
sidered.  During  seasons  or  at  times  when  the  climate  is  temperate,  ordi¬ 
nary  mesophilic  bacteria,  veasts,  and  molds  would  assume  importance. 
During  hot  weather,  80  to  IRUF  (26.7  to  43°C)  and  above,  organisms 
favored  by  these  temperatures  would  be  important,  such  as  coliform 
bacteria  and  species  of  Bacillus,  Cdostridium,  Streptococcus,  Lacto¬ 
bacillus,  and  other  genera.  Tropical  temperatures  would  be  unfavorable 
to  most  yeasts  and  molds.  Under  exceptional  conditions  food.s,  especially 
canned  varieties,  sometimes  are  held  at  temperatures  favoring  thermo- 
philes,  as  was  often  true  during  World  W  ar  II,  when  canned  foods  were 

stored  under  tarpaulins  in  the  tropics. 

The  combination  of  all  of  the  factors  jtist  discussed,  the  kinds,  num¬ 
bers,  and  proportions  of  microorganisms  present,  and  their  environ- 
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ment,  as  controlled  by  physical  and  chemical  properties  of  the  food, 
oxygen  tension  and  oxidation-reduction  potential,  and  temperature,  will 
determine  the  kinds  of  mieroorganisms  most  likely  to  grow  in  a  food  and 
henee  the  ehanges  to  he  produced,  and  all  should  he  considered  in  mak¬ 
ing  predictions.  Examples  will  he  cited  throughout  the  chapters  to  follow 
on  the  spoilage  of  specific  foods.  Sometimes  a  change  in  only  one  of  the 
factors  mentioned  will  he  enough  to  limit  the  change  to  be  expected,  hut 
more  often  several  faetors  exert  a  combined  effect.  Thus  a  combination 
of  low  moisture,  refrigerator  temperature,  high  acidity,  and  high  sugar 
would  make  mold  growth  more  likely  than  growth  of  yeasts  or  bacteria. 
But  increasing  the  moisture  content  and  the  temperature  would  change 
conditions  to  favor  yeasts,  and  also  decreasing  the  acidity  and  sugar  con¬ 
tent  would  encourage  bacteria. 
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CHAPTER  18  Spoilage  of  Cereals  and  Cereal  Products 


Cereal  grains,  and  meals  and  flours  made  from  them,  should  not  he 
subject  to  microbial  spoilage  if  they  are  prepared  and  stored  properly 
because  their  moisture  content  should  be  too  low  to  support  even  the 
growth  of  molds.  If,  however,  these  products  are  moistened  above  the 
minimum  for  microbial  growth,  that  growth  wall  follow^  A  little  moisten¬ 
ing  wall  permit  only  mold  growth,  but  more  moisture  will  allow  the 
growth  of  yeasts  and  bacteria. 

CEREAL  GRAINS  AND  MEALS 

Since  cereal  grains  and  meals  ordinarily  are  not  processed  so  as  to 
greatly  reduce  their  natural  flora  of  microorganisms,  they  are  apt  to 
contain  molds,  yeasts,  and  bacteria  which  are  ready  to  grow’  if  enough 
moisture  is  added.  In  addition  to  starch,  which  is  unavailable  to  many 
organisms,  these  grains  contain  some  sugar  and  available  nitrogen  com¬ 
pounds,  minerals,  and  accessory  growth  substances;  and  the  amylases 
will  release  more  sugar  if  the  grains  are  moistened,  and  proteinases  w'ill 
yield  more  available  nitrogenous  foods.  A  little  added  moisture  will  re¬ 
sult  in  grow’th  of  molds  at  the  surface  w’here  air  is  av’ailable.  A  w’et  mash 
of  the  grains  or  mash  of  the  meals  wall  undergo  an  acid  fermentation, 
chiefly  bv  the  lactic  acid  and  coliform  bacteria  normally  present  on  plant 
surfaces.  This  may  be  followed  by  an  alcoholic  fermentation  by  yeasts 
as  soon  as  the  aciditv  has  increased  enough  to  fa\'or  them.  Finally  molds 
and  perhaps  film  v’casts  will  grow’  on  the  top  surface,  although  acetic 
acid  bacteria,  if  present,  may  o.xidize  the  alcohol  to  acetic  acid  and  in¬ 
hibit  the  molds. 


FLOURS 


rhe  dry  cleaning  and 
flour  reduce  the  content 


w'ashing  of  grains  and  the  milling  and  sifting  of 
ol  microorganisms,  but  the  important  kinds  still 


236 


237 


Spoilage  of  Cereals  and  Cereal  Products 

are  represented  in  whole-grain  flours,  such  as  wliole  wlieat  or  l)uckwlieat, 
and  the  spoilage  would  be  similar  to  that  described  for  cereal  grains  and 
meals. 

White  wheat  flour,  however,  usually  is  bleached  by  an  oxidizing  agent, 
such  as  an  oxide  of  nitrogen,  chlorine,  nitrosyl  chloride,  nitrogen  trichlo¬ 
ride,  or  benzoyl  peroxide,  and  this  process  serves  to  reduce  microbial 
numbers  and  kinds.  Thom  and  LeFevre  report  that  a  moisture  content 
of  flour  of  less  than  13  percent  prevents  the  growth  of  all  microorganisms. 
Other  workers  claim  that  15  percent  permits  good  mold  growth  and  over 
17  percent  the  growth  of  both  molds  and  bacteria.  Therefore,  slight 
moistening  of  white  flour  brings  about  spoilage  by  molds.  Because 
of  the  variations  in  microbial  content  of  different  lots  of  flour,  the  t\'pe 
of  spoilage  in  a  flour  paste  is  difficult  to  predict.  If  acid-forming  bac¬ 
teria  are  present,  an  acid  fermentation  begins,  followed  by  alcoholic 
fermentation  by  yeasts  if  they  are  there  and  then  acetic  acid  by  Ac- 
etohacfer  species.  This  succession  of  changes  would  be  more  likelv 
in  freshly  milled  flour  than  in  flour  that  had  been  stored  for  a  Ions 
period  with  a  consequent  reduction  in  kinds  and  numbers  of  micro¬ 
organisms.  In  the  absence  of  lactics  and  coliforms,  micrococci  have 
been  found  to  acidify  the  paste,  and  in  their  absence  Bacillus  species 
may  grow,  especially  aerobacilli  which  produce  lactic  acid,  gas,  alcohol, 
acetoin,  and  small  amounts  of  esters  and  other  aromatic  compounds. 
It  is  characteristic  of  most  flour  pastes  to  develop  an  odor  of  acetic  acid 
and  esters. 


BREAD 

The  fei mentations  taking  place  in  the  doughs  for  various  kinds  of 
bread  will  be  discussed  in  Chapter  28,  where  it  will  be  noted  that 
some  changes  caused  by  microorganisms  are  desirable  and  are  even 
necessary  in  the  making  of  certain  kinds  of  bread.  The  acid  fermenta¬ 
tion  by  lactics  and  coliform  bacteria  that  is  normal  in  flour  pastes  or 
doughs  may,  however,  be  too  extensive  if  too  much  time  is  permitted, 
with  the  result  that  the  dough  and  bread  made  from  it  may  be  too 
“sour.”  Excessive  grov^th  of  proteolytic  bacteria  during  this  period  may 
destroy  some  of  the  gas-holding  capacity  so  essentiar  during  the  risincr 
of  the  dough  and  produce  what  is  called  a  “sticky”  dough.  Sticky 
c  oughs,  however,  are  usually  the  result  of  overmixing  or  gluten  break¬ 
down  by  reducing  agents,  e.g.,  glutathione.  There  also  is  the  possibility 

of  the  production  by  microorganisms  of  undesirable  flavors  other  than 
the  sourness. 

The  chief  types  of  microbial  spoilage  of  baked  bread  are  moldiness  and 
ropiness,  usually  termed  mold”  and  “rope.” 
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Mold 

Molds  are  the  most  common  and  hence  the  most  important  cause  of 
the  spoilage  of  bread  (Figure  18-1)  and,  in  fact,  of  most  bakery  prod¬ 
ucts.  The  temperatures  attained  in  the  baking  procedure  usually  arc  high 
enough  to  kill  all  mold  spores  in  and  on  the  loaf,  so  that  molds  must 
reach  the  outer  surface  or  penetrate  after  baking.  They  can  come  from 
the  air  during  cooling  or  thereafter,  from  handling,  or  from  wrappers. 


Kig. 


18-1.  Moldy  bread.  {Courtesy  of  Red  Star  Yeast  ami  Products  Company.) 


and  usually  initiate  growth  in  the  crease  of  the  loaf  and  between  the 
slices  of  sliced  bread. 

Chief  molds  involved  in  the  spoilage  of  bread  are  the  so-called  bread 
mold,”  Rliizopiis  nigricans,  with  its  white  cottony  mycelium  and  black- 
dots  of  sporangia;  the  grecn-spored  Pcnicillium  expansum  or  sfoloni- 
fcnini;  M'Vspcrgilltis  niger  (Figure  18-2)  with  its  greenish-  or  pur[)lish- 
brown  to  black  conidial  heads  and  yellow  pigment  diffusing  into  the 
bread;  and  Monilia  (Nenrospora)  sitophila,  whose  pink  conidia  give  a 
pink  or  reddish  color  to  its  growth.  Species  of  Mucor  or  Gcotrichum  or 
any  of  a  large  number  of  species  of  other  genera  of  molds  may  de\elop 
on  occasion.' Mold  spoilage  is  favored  by  (1)  heavy  contamination  after 
baking,  due.  for  t'xample,  to  a  long  cooling  time,  air  heavily  laden  uiti 
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mold  spores,  considerable  air  circulation,  or  a  contaminated  slicing  ma¬ 
chine;  (2)  slicing,  in  that  more  air  is  introduced  into  the  loaf;  (3)  wrap¬ 
ping,  especially  if  the  bread  is  warm  when  wrapped;  and  (4)  storage  in 
a  warm,  humid  place.  There  is  little  growth  of  commercial  importance 
on  bread  crust  in  a  relative  humidity  below  90  percent.  Bread  with  6 
percent  of  milk  solids  retains  moisture  somewhat  better  than  milk-free 
bread,  and  hence  there  is  less  moisture  between  loaf  and  wTapper  and 
hence  less  molding,  but  there  is  not  enough  effect  to  be  of  much  practical 


Fig.  1^2.  Growth  of  moM  {Aspergillus)  on  bread  crust.  {Courtesy  of  The  Flcisch- 
mann  Laboratories,  Standard  Brands  Incorporated. ) 


importance.  Molding  often  begins  within  a  loaf  of  sliced  bread,  where 
more  moisture  is  available  than  at  the  surface,  especially  in  the  crease. 

Various  methods  are  employed  to  prevent  moldiness  of  bread-  (1) 
Prevention  of  contamination  of  bread  with  mold  spores  in  so  far  as  is 
practicable.  The  air  about  the  bread  is  kept  low  in  spores  by  removal  of 
possible  breeding  places  for  molds,  such  as  returned  bread,  or  walls  and 
equipment.  Spore-laden  flour  dust  from  other  parts  of  the  bakery  has 
been  mcrminated  in  causing  increased  moldiness  of  bread.  Filtration 
and  washing  of  air  to  the  room  and  irradiation  of  the  room  and  more 

“r  T  ‘'"'™  ‘contamination. 

(-)  Prompt  and  adec|uate  cooling  of  the  loaves  before  wrapping  to  re- 
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cilice  condensation  of  moisture  beneath  the  wrapper.  (3)  Ultraviolet  ir¬ 
radiation  of  the  surface  of  the  loaf  and  of  slicing  knives.  (4)  Destruction 
of  molds  on  the  surface  by  electronic  heating.  (5)  Keeping  the  bread 
cool  to  slow  down  mold  growth,  or  freezing  and  storage  in  the  frozen 
condition  to  prevent  growth  entirely.  (6)  Incorporation  in  the  bread 
dough  of  some  mycostatic  chemical.  Most  commonly  employed  now  is 
sodium  or  calcium  propionate  at  tlie  rate  of  0.1  to  0.3  percent  of  the 
weight  of  tlie  flour,  a  treatment  that  also  is  effective  against  rope.  Sorbic 
acid,  up  to  0.3  percent,  has  been  suggested  as  a  substitute  for  propionate 
but  is  not  permitted  by  present  standards.  An  older  remedv  was  tlie  ad¬ 
dition  of  vinegar  or  acetate  to  the  dough  or  treatment  of  the  exterior  of 
the  loaf  with  vinegar. 


Rope 


Ropiness  of  bread  is  fairly  common  in  home-baked  bread,  especiallv 
during  hot  weather,  but  is  comparativelv  rare  now  in  commercially  bakcM 
bread  because  of  preventive  measures  now  employed.  Ropiness  is  caused 
by  a  mucoid  variant  of  Bacillus  suhfilis,  formerly  called  Bacillus  incsen- 
tericus,  B.  panis,  and  other  species  names.  The  spores  of  this  bacterium 
can  withstand  the  temperature  of  the  bread  during  baking,  which  does 
not  exceed  100°C,  and  can  germinate  and  grow  in  the  loaf  if  conditions 
are  favorable.  The  ropy  condition  apparentlv  is  the  result  of  capsulation 
of  the  bacillus,  together  with  hydrolysis  of  the  flour  proteins  (gluten)  by 
proteinases  of  the  organism  and  of  starch  by  amylase  to  give  sugars  that 
encourage  rope  formation.  The  area  of  ropiness  is  yellow  to  brown  in 
color  and  is  soft  and  sticky  to  the  touch.  In  one  stage  the  slimy  material 
can  be  drawn  out  into  long  threads  when  the  bread  is  broken  and  pulled 
apart  (see  Figure  18-3).  The  unpleasant  odor  is  difficult  to  characterize, 
although  it  has  been  described  as  that  of  decomposed  or  overripe  melons. 
First  the  odor  is  evident,  then  discoloration,  and  finally  softening  of  the 


crumb,  with  stickiness  and  stringiness. 

The  production  of  ropiness  is  favored  by  the  following  factors:  (1) 
Heavy  contamination  of  the  dough  with  spores  of  the  causativ'e  bacillus, 
chieflv  from  the  ingredients.  Of  these,  the  flour  is  likely  to  be  the  heaviest 
source  of  spores  of  the  rope  organism,  and  for  that  reason  flours  are 
tested  for  their  content  of  spores  of  mesophilic  bacteria.  The  yeast,  drv’ 
milk,  sugar,  malt,  and  malted  products  also  have  been  reported  to  be 
sources  of  spores  of  rope  bacteria.  (2)  Contamination  of  the  dough  from 
e(|uipment  or  of  the  bread  by  slicing  knives.  Spores  of  B.  suhtilis  inav 
build  up  on  ecjuipmcnt,  if  trouble  has  been  encountered  previously.  (3) 
Slow'  cooling  of  the  bread  after  baking.  1  his  favors  rapid  germination  of 
spores  and  multiplication  of  vegetative  cells  in  the  bread.  (4)  Lack  of 
acidity  in  the  breail.  B.  suhtilis  is  favored  by  pH  values  near  neutrality 
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and  is  increasingly  inhibited  as  the  acidity  is  increased  ( pH  drops )  to¬ 
ward  pH  5.0.  (5)  Storage  of  bread  in  a  warm,  humid  atmosphere.  This 
is  more  likely  to  happen  in  the  home  than  elsewhere  during  the  hot 
months  of  summer,  August  and  September  in  particular.  Bread  contain¬ 
ing  spores  may  develop  the  defect  at  temperatures  above  90°F  (32.2°C), 
when  the  spores  would  not  cause  spoilage  if  the  bread  were  kept  at  lower 
temperatures  for  the  usual  period  before  use. 

Methods  for  preventing  ropiness  of  bread  are  readily  inferred  from 
the  conditions  favoring  it:  (1)  Use  of  ingredients  of  the  dough  that  are 
low  in  numbers  of  spores  of  the  rope  bacterium.  Some  can  be  purchased 


showincr  stringy  capsular  material  stretching  between  the 


•Vith  this  low  content  specified.  (2)  .Adequate  cleansing  and  sanitizing 

‘  4-1  •  .  -I  '  ^  to  prevent  contamination 

m  us  source.  Slicing  knives  also  should  be  kept  free  from  the  bac- 

enal  spores,  (.y  Prompt  cooling  of  the  loaves  after  baking.  (4)  Use  of 
I  cough  formula  that  will  result  in  a  pH  of  5.0  to  5.15  in  the  bread  This 

m  i  -  •  f  Pl’osp'iate,  but  acidification  must  be  used  with  caution  or 
0  mng  of  the  dough  will  be  adversely  affected.  (5)  Addition  of  0.1 
0..3  percent  of  sodium  or  calcium  propionate  (or  sorbic  acid)  on  the 

tor7;  Ifliie  1  17  ‘’"'1  molds.  (6) 

prevent  opiness  during  the  normal  period  of  holding  bread  if  the 
ginal  contamination  of  rope  spores  was  not  heavy.  Freezing  bread  and 
(oring  1  in  t  le  frozen  condition  will  prevent  ropiness  entirely. 
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A  number  of  methods  have  been  suggested  for  testing  flour  or  other 
ingredients  for  the  presence  of  spores  of  rope  bacteria.  Most  reliable  is 
a  bread-baking  and  incubation  test.  A  plate  count  of  spores  of  mesophilic 
Bacillus  species  has  been  employed  wl.ere  a  flour  suspension  is  pasteur¬ 
ized  at  8()°C  for  10  min  and  plated  (juantitatively.  A  count  of  20  or  more 
spores  per  100  g  of  flour  is  considered  objectionable.  Another  method 
employs  (juantitative  dilutions  of  the  flour  in  nutrient  broth  followed  by 
incubation  at  37°C  for  48  hr.  A  grayish-white  surface  pellicle  on  the 
broth  is  indicative  of  the  growth  of  a  Bacillus  species.  Other,  less  suc¬ 
cessful  methods  have  been  recommended. 

Ropiness  also  can  occur  in  doughnuts,  brown  bread,  and  cakes. 

Red  Bread 

Red,  or  “bloody,”  bread  is  striking  in  appearance  but  rare  in  occur¬ 
rence.  The  red  color  results  from  tlie  growtli  of  pigmented  bacteria,  usu¬ 
ally  Serratia  marcesccns,  an  organism  tliat  often  is  brilliantly  red  on 
starchy  foods.  In  ancient  times  the  mysterious  appearance  of  apparent 
drops  of  blood  was  considered  miraculous.  Necessary  for  the  phenomenon 
is  the  accidental  contamination  of  the  bread  with  tlie  red  organisms  and 
unusually  moist  conditions  to  favor  their  growth.  Molds,  such  as  Monilia 
sitophila,  previously  mentioned,  mav  impart  a  pink  to  red  color  to  bread. 
A  red  color  in  the  crumb  of  dark  bread  has  been  caused  by  Oidium 
( Gcotrichum )  aurantiacum. 

Chalky  Bread 

Chalk\'  bread,  also  uncommon  in  occurrence,  is  so  named  Ix'cause  of 
white,  chalklike  spots.  The  defect  has  been  blamed  on  the  growth  of 
veastlike  fungi,  Fjulomijccs  fihuliger  and  T richosporon  variable. 

CAKES  AND  OTHER  BAKERY  PRODUCTS 

Molds  are  the  chief  cause  of  the  microbial  spoilage  of  cakes  and  other 
bakerv  products.  Methods  of  prevention  are  similar  to  those  listed  for 
bread.  Ultraviolet  irradiation  of  the  surfaces  of  cakes  before  wrapping 
and  packaging  has  been  successful  in  reducing  mold  spoilage,  and  pro¬ 
pionates  can  be  employed  for  most  kinds  of  cake,  but  not  for  some  of  the 
fruit  pies.  Sorbic  acid  is  eflective  in  preventing  mold  growth  on  cakes. 
.\s  has  been  indicated,  rojiiness  can  de\'elop  in  cakes  or  doughnuts;  the 
cause  and  methods  of  prevention  are  similar  to  those  for  bread. 

Staling  of  Bakerv  Products 

The  (h‘t('rioration  of  bread,  cakes,  pies,  and  otlu'r  bakery’  pnxluets 
called  “staling”  is  due  mostly  to  physical  changes  during  holding  and  not 
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to  microorganisms.  Freezing  and  storage  in  the  frozen  condition  is  an 
effective  method  of  preventing  the  changes. 

f 

MACARONI  AND  TAPIOCA 

Swelling  of  moist  macaroni  has  been  reported  to  be  caused  by  gas 
production  by  bacteria  resemljling  Acrohacter  cloacae.  During  the  drying 
of  macaroni  on  paper  a  mold  of  the  genus  Monilia  has  been  found  re¬ 
sponsible  for  purple  streaks  at  the  contact  points  with  the  paper.  The 
appearance  of  these  defects  is  uncommon,  however,  despite  the  long, 
slow  drying  process,  and  few  reports  of  spoilage  have  been  made. 

Tapioca,  prepared  from  the  root  starch  of  cassava,  will  spoil  if  mois¬ 
tened.  Spoilage  by  an  orange-pigmented,  starch-hydrolyzing  bacterium 
has  been  described. 
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CHAPTER  19  Spoilage  of  Sugars  and  Sugar  Products 


The  spoilage  of  sugars  or  concentrated  solutions  of  sugars  is  limited  to 
that  caused  by  osmophilic  inicroorganisins,  that  is,  those  able  to  grow  in 
such  high  concentrations.  Among  the  osmophiles  are  species  of  Leucono- 
stoc  and  Bacillus,  certain  yeasts,  especially  those  of  the  genus  7jjgosac- 
charomijces,  and  certain  molds.  As  the  sugar  concentrations  decrease, 
increasing  numbers  of  kinds  of  organisms  can  grow,  so  that  sap  from  a 
maple  tree  would  show  types  of  spoilage  that  maple  sirup  could  not. 


SPOILAGE  OF  SUCROSE 


During  the  manufacture  of  sugar,  the  original  cane  or  beet  juice  be¬ 
comes  more  and  more  purified  toward  sucrose  and  the  concentration  of 
sugar  in  solution  becomes  greater  and  greater  until  finally  crystalline 
sugar  is  attained  plus  molasses  that  is  high  in  sugar.  The  purer  the  prod¬ 
uct  becomes,  the  poorer  it  gets  as  a  culture  medium  for  microorganisms; 
and  the  more  concentrated  it  becomes,  the  fexN’er  kinds  of  organisms  can 
grow  in  it. 


Spoilage  in  Raw  Juice  and  during  Manufacture 

The  raw  cane  or  beet  juice  is  not  high  in  sugar  and  contains  a  good 
supply  of  accessory  foods  for  microorganisms,  and  therefore  is  readily 
spoiled  by  the  numerous  organisms  present  if  sufficient  time  is  allowed. 
Here  and  during  manufacturing  processes,  gum  and  slime  formation  In 
Leiiconostoc  mcscnteroides,  L.  dcxtranicinn.  Bacillus  species  of  the  sub- 
tilis  group,  and  more  rarely  by  yeasts  is  the  chief  type  of  spoilage.  De¬ 
composition  and  gum  formation  by  yarious  molds  also  is  possible.  Molds 
inyolved  include  species  of  Aspergillus,  Stemphijliuiu,  Stcrii^nuitoci/stis, 
Cladosporiuiu,  Monilia,  etc.  .\sporogenous  yeasts  and  species  of  Schizo- 
saccharonujces  and  yjifiosaccharonufccs  also  haye  been  incriminated.  De¬ 
struction  of  sugar  takes  place,  as  well  as  formation  of  slimes  iind  gums, 
and  some  acid  may  be  formed. 
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Spoilage  of  Sugar  during  Storage 

Dry  sugar  is  not  subject  to  microbial  spoilage,  but  sugar  that  has  taken 
up  enough  moisture  to  become  damp  and  sticky  has  been  reported 
spoiled  by  Aspergillus  and  PeniciUium  molds  and  by  asporogenous  yeasts. 
Liquefaction  resulting  from  inversion  of  the  sucrose  to  glucose  and 
fructose  accompanies  the  growth  of  microorganisms.  Bacteria  have  been 
found  in  spoiling  sugar  but  are  not  believed  to  be  responsible  for  the 
decomposition. 

Spoilage  of  Molasses  and  Sirups 

Usually  molasses  has  few  problems  of  spoilage  by  microorganisms,  al¬ 
though  it  is  hard  to  sterilize  by  heat  because  of  the  protective  effect  of 
the  sugar.  Chemical  decomposition  in  stored  tanks  of  mill  molasses  is 
common,  however.  The  gassy  or  frothy  “fermentation,”  which  is  attrib¬ 
uted  to  the  reaction  of  amino  acids  with  glucose  to  release  carbon 
dioxide  gas,  is  favored  by  high  temperatures  (40°C,  or  104°F,  or  above). 
Some  workers  claim  that  the  carbon  dioxide  is  released  by  the  decom¬ 
position  of  calcium  gluconate.  At  lower  temperatures  microorganisms 
may  contribute  somewhat  to  the  gas  production — organisms  like  asporo¬ 
genous  yeasts,  Zy gosaccharomyccs  species,  and  Clostridium  butyricum. 

Canned  molasses  or  sirup  may  be  subject  to  spoilage  by  osmophilic 
yeasts  that  survive  the  heat  process.  Gaseous  chemical  spoilage  of  the 
type  described  for  molasses  also  may  take  place.  Molasses  or  sirup  ex¬ 
posed  to  air  will  mold,  in  time,  on  the  surface,  and  this  also  may  occur 
at  the  surface  of  a  bottled  or  canned  sirup  if  air  is  left  there  and  con¬ 
tamination  has  taken  place  prior  to  sealing.  Some  kinds  of  molasses  are 
acid  enough  to  cause  hydrogen  swells  (see  Chapter  26)  upon  long 
storage. 

SPOILAGE  OF  MAPLE  SAP  AND  SIRUP 

As  indicated  in  Chapter  5,  sap  from  the  sugar  maple  becomes  con¬ 
taminated  when  drawm;  and  it  often  stands  under  conditions  that  favor 
the  growth  of  microorganisms  and  hence  the  spoilage  of  the  sap,  although 
a  moderate  amount  of  growth  may  intensify  flavor  and  color.  Five  chief 
types  of  spoilage  are  recognized:  (1)  ropy  or  stringy  sap,  blamed  on 
Aerohacter  aerogenes,  although  Leuconostoc  species  could  be  respon¬ 
sible;  (2)  green  or  buddy  sap  with  a  greenish  or  brownish-green  color, 
resulting  from  the  growth  of  Pseudomonas  fluorescens  or  related  species; 
(3)  red  sap,  colored  by  the  pigments  of  red  bacteria,  e.g.,  Mierococeus 
roseus,  of  yeasts  or  of  yeastlike  fungi;  (4)  sour  sap,  a^catchall  grouping 
for  types  of  spoilage  not  sho\ving  a  marked  color  change,  but  ha\’ing  a 
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sourish  odor  and  caused  l)y  any  of  a  variety  of  kinds  of  bacteria  or  yeasts; 
and  (5)  moldy  sap,  spoiled  by  molds. 

Maple  sirup  can  be  ropy  because  of  Aerobacter  aerog^enes,  yeasty  as 
the  result  of  growth  of  species  of  Saccharomijces  or  Zifgasaccboronitjces 
yeasts,  pink  from  the  pigment  of  Micrococcus  rosetis,  or  moldy  at  the 
surface,  where  species  of  Aspergillus,  Penicillium,  or  other  genera  may 
grf)w. 

Maple  sugai  keeps  well  unless  moistened,  when  molds  are  encouraged 
to  grow. 

SPOILAGE  OF  HONEY 

Honey  is  variable  in  composition,  but  must  contain  no  more  than  25 
percent  moisture.  Because  of  its  high  sugar  content,  70  to  SO  percent, 
mostly  glucose  and  levulose,  and  its  acidit\%  pH  3.2  to  4.2,  its  chief  cause 
of  spoilage  is  osmophilic  yeasts:  species  of  Ziigosaccharonufces,  such  as 
Z.  mellis,  richteri,  or  nusshaumeri,  or  Torula  {Cryptococcus)  mcllis.  Most 
molds  do  not  grow  well  on  honey,  although  species  of  Penicillium  and 
Mucor  have  been  found  to  develop  slowly. 

Most  honey  yeasts  do  not  grow  in  the  laboratory  in  sugar  concentra¬ 
tions  as  high  as  those  usuallv  found  in  honev.  Therefore  sp{'cial  theories 
for  the  initiation  of  growth  of  yeasts  in  honev  have  been  advanced:  (1) 
that  honey,  being  hygroscopic,  becomes  diluted  at  the  surface,  where 
yeasts  begin  to  multiply  and  soon  adapt  themselves  to  the  high  sugar 
concentrations;  ( 2 )  that  crystallization  of  glucose  hydrate  from  honev 
leaves  a  lowered  concentration  of  sugars  in  solution;  or  (3)  that,  on  long 
standing,  yeasts  gradually  adapt  themselves  to  the  high  sugar  concentra¬ 
tions.  The  critical  moisture  content  for  the  initiation  of  veast  growth  has 
been  placed  at  21  percent.  The  degree  of  iinersion  of  sucrose  to  glucose 
and  levulose  bv  the  bees  and  the  content  of  available  nitrogen  also  are 
listed  as  factors  determining  the  likelihood  of  grovvih.  The  fermentation 
process  usuallv  is  slow,  lasting  for  months,  and  the  chief  products  are 
carbon  dioxide,  alcohol,  and  nonvolatile  acids  which  give  an  oil-flavor  to 
the  honev.  Darkening  and  crystallization  usuallv  accompany  the  fermen¬ 
tation. 

SPOILAGE  OF  CANDY 

Most  candies  are  not  subject  to  microbial  spoilage  because  of  their 
comparatively  high  sugar  and  low  moisture  conttMit.  Exceptions  are  the 
chocolates  with  soft  centers  of  fondant  or  of  inverted  sugar,  which,  under 
certain  conditions,  burst  or  “exjilode.”  Yeasts  or  species  of  C'lostridium 
grovv'ing  in  these  candies  develop  a  gas  pressure  which  may  tiisrupt  the 
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entire  candy,  or  more  often  will  push  out  some  of  the  sirup  or  fondant 
through  a  weak  spot  in  the  chocolate  coating.  Often  this  weak  spot  is  on 
the  poorly  covered  bottom  of  a  chocolate,  where  a  cylinder  of  fondant 
squeezes  out.  The  defect  is  prevented  by  use  of  a  filling  that  will  not 
support  growth  of  the  gas-formers  and  by  coating  the  candy  with  a  uni¬ 
formly  thick  and  strong  layer  of  chocolate.  The  defect  is  most  common 
where  chocolates  are  made  on  a  small  scale.  Molds  have  been  found 
growing  under  the  coating  of  coconut  bars. 
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CHAFTEH  20  Spoilage  of  Vegetables  and  Fruits 


Just  as  there  is  no  sharp  line  of  division  between  vecjetahles  and  fruits, 
so  there  is  none  between  their  types  of  spoilage;  and  it  is  convenient  to 
discuss  them  together. 


SPOILAGE  OF  RAW  VEGETABLES  AND  FRUITS 

The  deterioration  of  raw  vegetables  and  fruits  inav  result  from  phvsical 
factors,  action  of  their  own  enzymes,  microbial  action,  or  combinations 
of  these  agencies.  Mechanical  damage  resulting  from  bruising,  wounding, 
bursting,  cutting,  freezing,  desiccation,  or  other  mishandling  may  pre¬ 
dispose  toward  increased  enzvmatic  action  or  the  entrance  and  growth 
of  microorganisms.  Previous  damage  by  plant  pathogens  may  make  the 
part  of  the  plant  used  as  food  unfit  for  consumption  or  may  open  the  way 
for  growth  of  saprophvtes  and  spoilage  bv  them.  Contact  w'ith  spoiling 
fruits  and  vegetables  may  bring  about  transfer  of  organisms,  causing 
spoilage  and  increasing  the  wastage.  Improper  en\’ironmental  conditions 
during  harvesting,  transit,  storage,  and  marketing  may  favor  spoilage. 
Most  of  the  discussion  to  follow  will  be  concerned  with  microbial  spoil¬ 
age,  but  it  alwavs  should  be  kept  in  mind  that  the  plant  enzymes  con¬ 
tinue  their  activitv  in  raw  plant  foods.  If  oxygen  is  available  the  plant 
cells  will  respire  as  long  as  they  are  alive;  and  hydrolytic  enzymes  can 
continue  their  action  after  death  of  the  cell.  .\s  was  stated  in  Chaj:)ter  I<, 
the  fitness  of  foods  for  consumption  is  judged  partly  on  their  maturity. 
If  the  desired  stage  of  maturitv  is  exceeded  greatly,  tlie  food  may  be  con¬ 
sidered  inedible  or  ev'en  spoiled.  An  example  is  an  overripe  banana,  with 
its  black  skin  and  brown,  mushy  interior. 

Diseases  of  vegetables  and  fruits  may  be  parasitic  or  nonparasitic,  the 
former  resulting  from  the  growth  of  an  organism  that  obtains  its  foo<l 
from  the  host  and  usually  damages  it,  the  latter  resulting  from  adverse 
environmental  conditions  that  cause  abnormalities  in  functions  and  struc- 
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tures  of  the  vegetable  or  fruit.  The  diseases  caused  by  pathogens  and  the 
decompositions  caused  by  saprophytic  organisms  will  be  of  chief  interest 
in  the  following  discussion  without  careful  distinction  between  these 
U'pes  of  organisms,  but  nonpathogenic  diseases  should  be  mentioned 
because  they  may,  at  times,  be  confused  with  those  caused  by  organisms 
in  that  they  may  be  rather  similar  in  appearance.  Examples  of  nonpatho¬ 
genic  diseases  are  brown  heart  of  apples  and  pears,  blackheart  of  pota¬ 
toes,  black  leaf  speck  of  cabbage,  and  red  heart  of  cabbage. 

No  attempt  will  be  made  to  deal  with  changes  caused  by  plant  patho¬ 
gens  growing  on  the  plants,  or  on  parts  of  the  plants  used  for  food,  prior 
to  harvesting,  but  rather  those  microbial  changes  will  be  considered  that 
may  take  place  during  harvesting,  grading,  packing,  transportation,  stor¬ 
age,  and  handling  by  wholesaler  and  retailer,  although  some  of  these 
ciianges  may  have  begun  before  harvesting.  Space  ^^all  permit  only  a 
general  treatment  of  the  subject,  and  that  only  from  the  viewpoint  of 
the  food  microbiologist  rather  than  the  plant  pathologist.  The  reader 
should  consult  references  listed  at  the  end  of  the  chapter  for  more  detail, 
especially  the  series  of  bulletins  from  the  Bureau  of  Plant  Industry  of 
the  United  States  Department  of  Agriculture. 

General  Types  of  Microbial  Spoilage 

The  most  common  or  predominant  tvpe  of  spoilage  varies  not  only 
with  the  kind  of  fruit  or  vegetable,  but  also  to  some  extent  with  the 
varietv.  Microbial  spoilage  may  be  due  to  ( 1 )  plant  pathogens  acting 
on  the  stems,  leaves,  flowers,  or  roots  of  the  plant,  on  the  fruits  or  other 
special  parts  used  as  foods,  e.g.,  roots  or  tubers,  or  on  several  of  these 
locations;  (2)  saprophvtic  organisms,  which  may  be  secondary  invaders 
after  action  of  a  plant  pathogen,  or  may  enter  a  healthy  fruit  or  vegetable 
as  in  the  case  of  various  “rots,”  or  grow  on  its  surface,  as  when  bacteria 
multiply  on  moist,  piled  vegetables.  At  times  a  saprophvte  may  succeed 
a  pathogen,  or  a  succession  of  saprophytes  may  be  concerned  in  the  spoil¬ 
age.  Thus,  for  example,  coliform  bacteria  may  grow  as  secondary  in¬ 
vaders  and  be  present  in  appreciable  numbers  in  fruit  and  vegetable 
juices  if  rotten  products  have  been  included. 

Although  each  fruit  or  vegetable  has  certain  types  of  decomposition 
and  kinds  of  microorganisms  predominant  in  its  spoilage,  there  are  some 
general  types  of  microbial  spoilage  that  are  found  more  often  than  the 
rest  in  vegetables  and  fruits.  The  most  commonly  occurring  types  of 
spoilage  are  as  follows: 

1.  Bacterial  soft  rot,  caused  by  Erwinw  carotovora  and  related  species 
which  are  fermenters  of  pectins.  It  results  in  a  water-soaked  appearance 
and  a  soft,  mushy  consistency  and  often  in  a  bad  odor. 

2.  Gray  mold  rot,  caused  by  species  of  Botnjtis,  e.g.,  B.  cinerea.  It  gets 
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its  name  from  the  grav'  mycelium  of  the  mold  and  is  favored  l)y  high 
humidity  and  a  warm  temperature, 

3.  Rhizopus  soft  rot,  caused  by  species  of  Wiizopiis,  e.g.,  R.  oi^ricam. 
A  rot  resnlts  that  often  is  soft  and  miishv.  The  cottony  growth  of  the 
mold  with  small,  black  dots  of  sporangia  often  co\’ers  masses  of  the  foods. 

4.  Anthracnose,  usually  caused  by  CoUcfotricluini  lindenuitfiiamim. 
The  defect  is  a  spotting  of  leaves  and  biiit  or  seed  pods. 

5.  Alternaria  rot,  caused  by  species  of  Altcnuirui.  Areas  become  green¬ 
ish-brown  early  in  the  growth  of  the  mold  and  later  turn  to  brown  or 
black  spots, 

6.  Blue  mold  rot,  caused  by  species  of  PeniciUium.  The  bluish-green 
color  that  gives  the  rot  its  name  results  from  the  masses  of  spores  of  the 
mold. 

/.  Downy  mildew,  caused  hy  species  of  Phi/topJdliora,  Rrcmia,  and  of 
other  genera.  The  molds  grow'  in  w'hite,  w'oollv  masses. 

8.  Watery  soft  rot,  caused  chiefly  by  Sclerotinia  sclcrotionun,  is  found 
mostly  in  yegetables. 

9.  Stem-end  rots,  caused  by  species  of  molds  of  seyeral  genera,  e.g., 
Diplodia,  Phornopsis,  Fiisaritini,  and  others,  involye  the  stem  ends  of 
fruits. 

10.  Black  mold  rot,  caused  by  AsperodJus  niocr.  The  rot  gets  its  name 
from  the  dark-brown  to  black  masses  of  spores  of  the  mold,  termed 
“smut”  by  the  layman, 

11.  Black  rot,  often  caused  by  species  of  Altermiria,  but  sometimes  of 
Ceratosfomella,  Phifsalospora,  and  other  genera. 

12.  Pink  mold  rot,  caused  by  pink-spored  Trichofheciinn  rosetim. 

13.  Fusarium  rots,  a  v'ariety  of  types  of  rots  caused  by  species  of 
Ftisarium. 

14.  Green  mold  rot,  caused  usually  by  species  of  Cdadosporium,  but 
sometimes  by  other  green-spored  molds,  e.g.,  Trichodcrma. 

15.  Brown  rot,  caused  chiefly  by  Sclerotinia  species. 

16.  Sliminess  or  souring,  caused  by  saprophytic  bacteria  in  jiik'd,  w'et, 

heating  yegetables.  ^ 

Fungal  spoilage  of  yegetables  ofkai  results  in  w'ater-soaked,  mushy 
areas,  while  fungal  rots  of  fleshy  fruits  like  apples  and  peaches  frefjuently 
show  browTJ  or  cream-colored  areas  in  w'hich  mold  mycelia  are  growing 
in  the  tissue  below'  the  skin  and  aerial  hyphae  and  spores  iiiay  appear 
later.  Some  types  of  fungal  spoilage  appear  as  dry  rots,  where  the  in¬ 
fected  area  is  dry  and  hard  and  often  discolored.  Rots  of  juicy  fruits  may 
result  in  leakage. 

Spoilage  of  Specific  Kinds  of  bTuits  and  Vegetables 

In  the  discussion  to  follow'  of  the  spoilage  of  yegetables  and  fruits, 
these  products  will  be  handled  in  groups  when  possible  and  only  the 
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most  important  types  of  microbially  caused  spoilage  ^5™^ 

ever  one  of  the  sixteen  most  commonly  occurring  types  of  spoilage  lis 
in  the  preceding  section  is  mentioned,  the  name  of  the  causa  oiganism 
willirbe  replited,  nor  will  the  defect  be  described  unless  it  is  ap¬ 
preciably  different  from  the  usual  one.  In  general,  the  grouping  o  proc 
nets  will  be  similar  to  those  employed  in  the  government  bulle  ms  i 
■It  the  end  of  the  chapter.  It  should  be  reemphasized  that  the  discussio 
will  be  limited  to  microbial  spoilages  or  “diseases”  during  storage  transit 
and  marketing  and  only  to  the  most  common  ones,  for  many  kinds  o 

organisms  mav  be  causes  of  spoilage  on  occasion.  r  -i  • 

Uhl  Famihf.  Asparagus,  onions,  and  garlic  are  representatives  of  this 
group.  In  asparagus,  bacterial  soft  rot  and  fiisarium  rot  are  tlie  most 
common  market  diseases,  but  gray  mold  rot,  phytophthera  rot  (Plnjtoph- 
thera  spp.),  and  watery  soft  rot  may  occur.  A  disagreeable  odor  is  evi¬ 
dent  in  later  stages  of  bacterial  soft  rot.  In  the  odorless  fusariiim  rot,  the 
mold  growth  first  is  white  and  fluffy  and  later  is  pink.  The  affected  tissues 
are  water-soaked  at  first,  then  yellow  and  brown.  Onions  (Figure  20-1) 
and  garlic  are  subject  to  a  numiier  of  market  diseases,  the  most  important 
of  which  are  bacterial  soft  rot,  black  mold  rot,  blue  mold  rot  (garlic), 
gray  mold  rot,  and  smudge  (anthracnose).  The  bacterial  soft  rot  is  very 
malodorous.  Gray  mold  rot  or  “neckjnt”  of  onions  brings  about  a  soften¬ 
ing  and  watei^soaking  of'  tlie  scales  which  have  a  grayish,  then  grayish- 
brovai  color.  Later  a  dense,  grayish  mycelium  develops  over  the  infected 
part.  Smudge  may  begin  in  the  field  and  increase  theieaftei.  Black 
blotches,  or  groups  of  small  black  or  dark-green  dots  appear  on  the  outei 
scales. 

Pulse  Famihj.  Green,  wax,  and  lima  beans  and  peas  of  this  group, 
which  bear  their  seeds  in  pods,  are  subject  to  a  large  number  of  kinds 
of  microbial  spoilage,  especially  when  they  are  marketed  in  the  pods,  as 
is  usually  the  case.  The  most  important  market  diseases  are  bacterial 
soft  rot,  gray  mold  rot,  rhizopus  soft  rot  (Figure  20-2),  watery  soft  rot 
of  both  peas  and  beans,  and,  in  addition,  cottony  leak  of  beans.  There  is, 
moreover,  an  array  of  microbial  diseases  in  the  field  that  affect  the  pods 
and  perhaps  the  seeds,  e.g.,  anthracnose,  blights  (Figure  20-.3),  wilts, 
scab,  rust,  etc.  Gottony  leak  or  wilt,  caused  by  Pythium  butleri,  gives  the 
pods  a  white  and  cottony  appearance. 

Parsley  Family.  Garrots  and  parsnips  are  growm  for  their  taproot;  celery 
is  grown  for  its  leafstalks  and  parsley  for  its  leaves.  Important  market 
diseases  of  carrots  are  bacterial  soft  rot,  black  rot,  fusarium  rot,  gray 
mold  rot,  rhizoctonia  crown  rot,  rhizopus  soft  rot,  and  watery  soft  rot. 
Black  rot  is  caused  by  the  dark  mold  Alternaria  radicina.  In  rhizoctonia 
crown  rot,  which  begins  in  the  field  and  continues  during  storage,  the 
infected  tissues  of  the  root  become  brown  and  soft.  Important  market 
diseases  of  parsnips  are  bacterial  soft  rot,  gray  mold  rot,  and  watery  soft  rot. 
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Fit'.  Spoilage  of  onion:  (A,  B,  C)  onion  ])lack  mold  rot;  ( D,  h,  h)  onion 

sinndge.  {Cotirtefnj  of  U.S.  Department  of  Agriculture.) 

Most  of  the  defects  of  celery  occur  in  the  field,  but  some  continue  to 
develop  after  harvesting.  Examples  are  bacterial  soft  rot  and  watery  soft 
rot.  Gray  mold  rot  gi\  cs  trouble  during  transit  and  storage.  Bacterial  soft 
rot  and  waterv  soft  rot  are  important  market  diseases  of  parsley.  A  num¬ 
ber  of  field  diseases  can  make  parsley  unmarketable. 
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Beets.  Both  roots  and  tops  are  subject  to  spoilage,  but  the  roots  are 
less  likely  to  be  spoiled.  The  more  common  types  of  spoilage  of  roots  are 
black  rot,  blue  mold  rot,  and  fusarium  rot.  Internal  black  spot  is  caused 
by  a  boron  deficiency  in  the  soil.  The  tops  may  be  decayed  by  bacterial 

soft  rot  or  gray  mold  rot. 


Fig.  20-2.  Spoilage  of  string  beans.  Bean  rhizopus  rot.  {Courtesy  of  U.S.  Departinent 
of  Agriculture. ) 

Endive  and  Globe  Artichokes.  The  endive  is  most  often  spoiled  by 
bacterial  soft  rot,  although  watery  soft  rot,  downy  mildew,  and  gray  mold 
rot  may  occur.  Gray  mold  rot  is  the  main  market  disease  of  globe  arti¬ 
chokes. 

Lettuce.  Leaves  or  leaf  heads  of  lettuce  are  susceptible  to  many  dis¬ 
eases  during  growth  and  are  affected  by  diseases  of  roots  and  stems.  The 
principle  market  diseases  are  bacterial  soft  rot,  downy  mildew,  gray  mold 
rot,  and  watery  soft  rot.  When  head  lettuce  is  cooled  by  a  water  spray  in 
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Fig.  20—3.  Spoilage  of  lima  bean:  (A)  lima-bean  downy  mildew;  (B)  lima-bean  pod 
blight.  {Courtesy  of  U.S.  Department  of  Agriculture.) 
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the  retail  store  it  becomes  contaminated  with  water  bacteria  and  a  red¬ 
dish-brown  color  appears  between  the  leaves  and  finally  penetrates  most 
of  the  head.  This  type  of  spoilage  often  develops  during  storage  of  the 
lettuce  in  the  home  refrigerator.  Investigators  disagree  as  to  the  cause 
of  the  spoilage,  but  species  of  Achromobacter  have  been  blamed. 

Rhubarb.  Growing  leafstalks  of  rhubarb  are  attacked  by  various  plant 
pathogens.  Bacterial  soft  rot  and  gray  mold  rot  are  the  main  market 

dis0cis0S 

Spinach.  Like  other  leaf  vegetables,  growing  spinach  is  deteriorated 
by  plant  pathogens.  Chief  market  diseases  are  bacterial  soft  rot  and 

downy  mildew. 

Sweet  Potatoes.  Sweet  potatoes  in  storage  and  on  the  market  are  sub¬ 
ject  to  alternaria  rot,  black  rot,  blue  mold  rot,  charcoal  rot,  dry  rot,  end 
rot,  foot  rot,  gray  mold  rot,  Java  black  rot,  mucor  rot,  rhizopus  soft  rot, 
and  a  number  of  other  rots.  Black  rot,  showing  bro\\m  to  black  spots,  is 
caused  by  Ceratostomella  fimbriata;  charcoal  rot,  a  spongy,  dark-brown 
decay,  by  Sclerotium  bataticoJa;  dry  rot  by  Diaporthe  hatatatis;  end  rots 
by  a  number  of  different  organisms  but  mostly  by  species  of  Fusarium; 
foot  rot  by  Plenodomus  destruens;  and  Java  black  rot,  in  which  the 
potato  appears  mummified,  by  Diplodia  tuberieoJa.  Troubles  \\ath  storage 
diseases  are  reduced  if  the  sweet  potatoes  are  cured  for  10  to  14  days  at 
85°F  (29.4°C)  and  85  to  90  percent  relative  humidity  before  they  are 
stored  at  50  to  55°F  (10  to  12.8°C)  and  80  to  85  percent  relative 
humidity. 

Potatoes.  Most  important  in  the  spoilage  of  market  potatoes  are  the 
fusarium  tuber  rots,  caused  by  species  of  F'usarium.  Sunken,  shriveled, 
wrinkled,  or  broken  areas  appear  on  the  surface,  often  at  stem  and  eyes. 
The  rot  usually  is  brown  to  black  and  becomes  covered  with  whitish, 
dark,  or  brightly  colored  mold  mycelium.  The  rot  mav  be  wet  and  jelly- 
like,  mushy  and  leaky,  or  dry  and  brittle.  Other  common  rots  include 
alternaria  tuber  rot,  bacterial  soft  rots,  “leak,”  in  which  watery  tissues 
and  various  colors  are  produced  by  Pijthiuni  dehanjomun,  soil  rot, 
rhizopus  soft  rot,  and  sclerotium  rot. 

Crucifers.  The  crucifers  include  cabbage,  brussels  sprouts,  cauliflowers, 
broccoli,  radishes,  rutabagas,  and  turnips.  A  rot  common  to  all  of  these 
is  bacterial  soft  rot.  Broccoli  has  few  other  market  diseases.  Cabbages, 
brussels  sprouts,  cauliflower,  rutabagas,  and  turnips  all  have  gray  mold 
rot,  black  rot,  and  watery  soft  rot.  Cabbages  and  brussels  sprouts  also  are 
spoiled  by  alternaria  leaf  spot,  downy  mildew,  and  rhizopus  soft  rot,  and 
the  root  crops — radishes,  rutabagas,  and  turnips — are  subject  to  club  root 
and  rhizoctonia  rot.  Alternaria  rot  of  cauliflower  is  called  “brown  rot.” 

Cucurbits.  This  gourd  family  includes  the  cucumber,  muskmelon 
(cantaloupe),  pumpkin,  squash,  and  watermelon.  All  these  may  be 
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spoiled  l)y  rhizopiis  soft  rot  und  all  niay  he  subject  to  various  stem  rots. 
The  cucumber  can  support  the  gro\\i:h  of  a  number  of  spoilage  organisms, 
the  more  important  of  which  may  cause  blue  mold  rot,  bacterial  soft  rot, 
anthracnose,  diplodia  or  stem-end  rot,  gray  mold  rot,  cottony  leak,  pink 
mold  rot,  and  fusarium  rot  (Figure  20—4).  The  muskmelon  and  similar 
melons  are  subject  to  blue  mold  rot,  diplodia  rot,  bacterial  soft  rot,  pink 
mold  rot,  fusarium  rot,  charcoal  rot  (rhizoctonia  rot  on  boneydevv^s ),  and 
phytopbthera  rot.  Stem-end  rots  of  watermelons  due  to  species  of 
Diplodia  cause  much  of  the  wastage;  other  rots  are  bacterial  soft  rot, 
anthracnose,  and  phytophthera  rot;  pythium  rot  also  may  cause  damage. 
Pumpkin  and  squash  may  show  gray  mold  rot,  fusarium  rot,  and 
anthracnose,  in  addition  to  those  defects  mentioned  above. 

Tomatoes.  A  large  number  of  field  diseases  attack  the  tomato  \'ines 
and  still  more  attack  both  vines  and  fruits,  and  many  diseases  of  the 
fruit  carry  over  into  market  handling,  e.g.,  alternaria  rot,  anthracnose, 
bacterial  canker,  bacterial  spot,  gray  mold  rot,  green  mold  rot,  late 
blight,  phoma  rot,  sclerotium  rot,  soil  rot,  and  mosaic.  Affecting  onlv  the 
fruit  are  l:)acterial  soft  rot,  hasisporium  rot,  blue  mold  rot,  huckeve  rot, 
center  rot,  fusarium  rot,  isaria  rot,  melanconium  rot,  waterv  rot,  and  veast 
spot.  The  gov^ernment  bulletin  should  he  consulte'd  for  descriptions  of 
these  rots.  Most  important  of  the  diseases  are  alternaria  rot,  anthracnose, 
phoma  rot,  and  rhizopus  rot. 

Peppers  and  Eggplants.  For  the  most  part  the  diseases  of  peppers  are 
similar  to  those  attacking  tomatoes.  The  chief  market  diseases  are  alter¬ 
naria  rot,  anthracnose,  and  gray  mold  rot.  Fruit  rot,  or  phomopsis  blight, 
is  the  most  important  market  rot  of  eggplants.  Caused  by  Phomopsis 
vexans,  it  is  characterized  bv  tan  to  light-brown  lesions  that  darken  with 
age.  The  decay  is  soft,  spongv,  and  penetrating. 

Small  Fruits.  Blue  mold  rot,  gray  mold  rot,  and  rhizopus  rot  arc  the 
chief  market  diseases  of  blackberries,  currants,  and  dewberries.  Busseted 
areas  appear  on  gooseberries  spoiled  by  powdery  mildew,  caused  by 
Sphaerotheca  mors-tivae.  Grapes  (Figure  20-5)  are  subject  mainly  to 
black  mold  rot,  blue  mold  rot,  grav  mold  rot,  green  mold  rot  (species  of 
CAadosporium  and  Alternaria),  and  rhizopus  rot.  Strawberries  are  spoih'd 
bv  gray  mold  rot  (Figure  20-6),  leather  rot  ( PhytopJithera  cactornm), 
rhizoctonia  rot,  and,  most  important,  rhizopus  rot  (Figure  20-7).  Clado- 
sporium  species  cause  an  olive  to  olise-green  growth  on  raspberries. 

CAtrus  Emits.  Lemons,  limes,  oranges,  and  grapefruit  have  a  number 
of  market  diseases  in  common  (Figure  20-8),  such  as  alternaria  rot, 
anthracnose,  the  blue  mold  rots,  and  the  stem-end  rots,  but  the  relative 
importance  of  these  diseases  differs  with  the  fruit.  The  most  wastage  of 
oranges  and  lemons  results  from  the  so-called  “blue  mold  rots,  which 
may  be  due  to  the  green-spored  Penicillium  digitatum  or  the  blue-green- 


Fig.  2()-4.  Spoilage  of  melons:  (A)  pink  rot  of  lioneydew  melon;  (B)  fusarium  rot 
ot  cantaloupe.  {Coui-tesij  of  U.S.  Department  of  Agriculture.) 
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20—5.  Spoilage  of  grapes:  (.A)  gray  mold  rot  on  Zinfandel  grapes;  (B,  C,  D,  h, 
various  stages  of  black  rot  on  Concord  grapes.  {Courtcsij  of  U.S.  Department  of 
Agriculture. ) 
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Fig.  20-6.  Spoilage  of  .strawberries:  (A)  gray  mold  rot;  ( B,  C )  leather  rot;  {D,  E) 
rhizoctonia  brown  rot;  (F)  tan  rot;  (G)  beginning  of  gray  mold  rot  on  green  straw¬ 
berry.  {Courtesy  of  U.S.  Department  of  Agriculture.) 

spored  “contact  mold,”  Penicilliiiin  itulicum.  Alternaria  rot,  caused  by 
Alternarm  citri,  is  the  worst  market  disease  of  grapefruit.  Tlie  causes  of 
stem-end  rots  include  species  of  Phomopsis  and  Diplodia.  Most  of  the 
rots  are  soft  rots,  as  contrasted  to  the  leathery  rot  of  lemons  by  species 
of  Phytophthera  and  the  firm,  dry  rot  of  oranges  by  Altcruoriu  citri, 
which  organism  causes  a  soft  rot  in  lemons  and  grapefruit.  Other  rots  of 
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lemons  and  limes  are  brown  rot  by  PhijtopJitfiera  spp.,  gray  mold  rot, 
cottony  rot  by  Sclcrotinia  sclcrotiorum,  and  sour  rot  by  Oospora  citri- 
aurantii.  Additional  rots  of  oranges  are  gray  mold  rot,  blossom-end  rot 
by  Altermiria  and  Fusiirium,  and  trichoderma  rot  by  TricJiodcrnia  viride, 
a  green-spored  mold. 

Other  Subtropical  Fruits.  Avocados  are  deteriorated  by  antbracnose 
and  rbizopus  rot  and  bananas  by  antbracnose.  Tbe  main  banana  stalk  is 


.\griculturc. ) 

subject  to  stalk  rot  by  Fusarium  and  Cdcosporium  species,  and  tbe  stalks 
of  individual  bananas  of  a  “band’  have  finger  rots  by  species  of  I  cstalo^- 
zia,  Fusarium,  or  Glcosporiuni.  Microorganisms  are  supposed  to  enttr 
tbe  fig  tbrougb  tbe  eye,  carried  there  by  insects.  1  be  spoilage  types  are 
grouped  as  (1)  smut  and  mold;  (2)  soft  rot,  or  endosepsis;  and  (3) 
souring.  Tbe  first  group  includes  alternaria  spot  by  Altcrnaria  tctiuis, 
blue  mold  rot,  wbicb  usually  is  from  a  secondary  invasion;  cladosporium 
rot,  due  to  Cladosporium  licrharum;  gray  mold  rot,  making  tbe  tissue 
soft  and  leakv;  rbizopus  rot,  producing  similar  cbanges  plus  a  browning 
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l-ig.  20-8.  Spoilage  of  citrus  fruits:  (A)  stem-end  rot  on  orange;  (B)  blue  mold 
and  green  mold  rots  on  orange;  (C)  blue  mold  rot  on  lemon;  ( /) )  sulfur-spray  in¬ 
jury  on  orange.  (Courtesy  of  U.S.  Department  of  Agriculture.) 

of  the  flesh;  and  black  mold  rot,  or  “smut,”  resulting  from  the  growth  and 
sporulation  of  Aspergillus  niger.  The  last  rot  first  makes  the  skin  dirty- 
white  to  slightly  pink  and  the  pulp  firm  to  cheesy.  A  white  mycelium 
grows  within  the  fig  and  later  fills  the  fig  with  black  spores,  or  “smut.” 
Secondary  growth  of  other  molds  may  follow.  In  soft  rot,  or  endosepsis, 
caused  by  Fusariuni  moniliforme,  pink  or  purple  water-soaked  areas  are 
formed  on  the  skin  and  an  offensive  odor  comes  from  the  eye  end.  The 
mold  supposedly  is  spread  among  caprified  figs  by  the  fig  wasp  during 
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pollination.  “Souring”  of  figs  results  from  action  by  yeasts,  both  fennenta- 
tiv’e  and  oxidative  (film),  so  that  pink  liquid  oozes  through  the  eye  and 
there  are  gas  bubbles  in  the  watery  pulp.  Dates  also  are  “soured”  by 
yeasts  and  are  subject  to  spoilage  by  various  molds. 

Stone  Fruits.  These  fruits  include  peaches,  apricots,  plums,  cherries, 
etc.,  which  have  a  single  large  seed.  In  general,  the  chief  causes  of 
wastage  are  alternaria  or  green  mold  rot,  especially  of  cherries,  black 
mold  rot,  blue  mold  rot,  brown  rot,  cladosporium  rot,  gray  mold  rot,  and 
rhizopus  rot.  The  same  mold  may  produce  different  types  of  spoilage  on 
different  fruits.  Thus,  for  example,  rhizopus  rot  of  peaches  and  apricots 
results  in  light-browm  soft  flesh  with  a  cottony  surface  growlh,  while  the 
rot  of  plums,  prunes,  and  cherries  produces  a  soft,  leaky  condition. 

Pomes.  It  was  mentioned  earlier  that  although  a  few  kinds  of  micro¬ 
organisms  cause  most  of  the  spoilage  of  fruits  and  vegetables,  many  kinds 
of  organisms  may  happen  to  cause  decay.  The  apple  is  a  good  example 
of  this  fact,  for  several  workers  have  tried  to  list  the  kinds  of  molds 
causing  spoilage.  One  list  gives  forty-two  different  genera  of  molds  and 
many  more  species  involved  in  the  spoilage.  Apples,  too,  are  good  ex¬ 
amples  of  functional,  nonparasitic  diseases — for  example,  internal  break¬ 
down,  bitter  pit,  scald,  and  browm  heart.  The  chief  market  diseases 
caused  by  molds  are  blue  mold  rot,  caused  chiefly  by  Penicillium  ex¬ 
pansum;  the  black,  firm  alternaria  rot;  black  rot,  caused  by  PJu/salospora 
malorum;  bro\^^l  rot,  bull’s-eye  rots,  and  core  rots,  caused  by  various 
molds;  gray  mold  rot;  pink  mold  rot;  powdery  mildew,  with  russeting 
caused  by  Podosphacra  leucofricha;  rhizopus  rot;  and  so-called  “miscel¬ 
laneous  rots,”  caused  by  other  molds  or  often  successions  of  them.  Most 
types  of  rots  result  in  a  broum  or  cream-colored,  soft,  and  water\’  area 
on  the  apple. 

Pears  are  subject  to  black  rot,  blue  mold  rot,  brown  rot,  gray  mold  rot, 
pink  mold  rot,  powderv  mildew,  and  rhizopus  rot.  Most  rots  are  similar 
in  appearance  to  those  on  apples.  (^)uinces  are  spoiled  by  black  rot,  blue 
mold  rot,  and  brown  rot. 

The  preceding  discussion  of  market  diseases  or  spoilages  of  fruits  and 
vegetables  serves  to  illustrate  the  types  of  decomposition  common  to 
many  kinds  and  the  types  most  important  to  specific  kinds.  The  composi¬ 
tion  of  the  fruit  or  vegetable  influences  the  likely  type  of  spoilage.  Thus, 
bacterial  soft  rot  is  widespread  for  the  most  part  among  the  vegetables, 
which  are  not  ver\'  acid,  and  among  the  fruits  is  limited  to  those  that  are 
not  highly  acid.  Because  most  fruits  and  vegetables  are  somewhat  acid 
and  are  fairly  dry  at  the  surface  and  are  deficient  in  B  vitamins,  molds 
are  the  most  common  causes  of  spoilage.  The  composition,  too,  must  de¬ 
termine  the  particular  kinds  of  molds  most  likely  to  grow.  So  some  kinds 
of  fruits  or  vegetables  support  a  large  variety  of  spoilage  organisms  and 

other  kinds  comparatively  few. 
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Tlie  likelihood  of  the  entrance  of  spoilage  organisms  also  is  important 
in  influencing  the  possibility  of  spoilage  and  the  kind  that  takes  place. 
Damage  by  mechanical  means,  plant  pathogens,  or  bad  handling  will 
favor  entrance.  The  location  of  the  plant  part  used  also  is  important; 
thus  underground  parts  like  roots,  tubers,  or  bulbs  as  in  radishes,  beets, 
carrots,  and  potatoes  are  in  direct  contact  with  moist  soil  and  become 
infected  from  that  source.  Fruits  like  strawberries,  cucumbers,  peppers, 
and  melons  may  be  in  direct  contact  with  the  surface  of  the  soil.  Leaves, 
stems,  and  flowers,  as  in  lettuce,  the  greens,  cabbage,  asparagus,  rhubarb, 
and  broccoli  are  especially  exposed  to  contamination  by  plant  pathogens 
or  damage  by  birds  and  insects,  as  are  most  fruits,  whether  ordinarily 
classified  as  vegetables  or  “fruits.” 

The  character  of  the  spoilage  will  depend  upon  the  product  attacked 
and  the  attacking  organism.  When  the  food  is  soft  and  juicy,  the  rot  is 
apt  to  be  soft  and  mushy  and  some  leakage  may  result.  There  are,  how¬ 
ever,  some  kinds  of  spoilage  organisms  that  have  a  drying  effect  so  that 
drv^  or  leathery  rots  or  discolored  surface  areas  may  result.  In  some  in¬ 
stances  most  of  the  mycelial  growth  of  the  mold  is  subsurface  and  only 
a  rotton  spot  shows,  as  in  most  rotting  of  apples.  In  other  types  of  spoil¬ 
age  the  growth  of  the  mold  mycelium  on  the  outside  is  apparent  and  may 
be  colored  by  spores. 

The  identification  of  a  tvpe  of  spoilage  of  a  fruit  or  \'egetable  makes 
possible  the  application  of  available  methods  for  the  prevention  of  such 
decav. 

SPOILAGE  OF  FRUIT  AND  VEGETABLE  JUICES 

Juices  may  be  squeezed  directly  from  fruits  or  vegetables,  mav  be 
squeezed  from  macerated  or  crushed  material  so  as  to  include  a  consider¬ 
able  amount  of  pidp,  or  may  be  extracted  by  water,  as  for  prune  juice. 
These  juices  may  be  used  in  their  natural  concentrations  or  may  be  con¬ 
centrated  by  evaporation  or  freezing,  and  may  be  preserved  by  canning, 
freezing,  or  drying  ( see  Chapters  12  and  13 ) . 

Juices  squeezed  or  extracted  from  fruits  are  more  or  less  acid,  depend¬ 
ing  upon  the  product,  the  pH  ranging  from  about  2.4  for  lemon  or  cran¬ 
berry  juice  up  to  4.2  for  tomato  juice,  and  all  contain  sugars,  the  amounts 
varying  from  about  2  percent  in  lemon  juice  up  to  almost  17  percent  in 
some  samples  of  grape  juice.  Although  molds  can  and  do  grow  on  The 
surface  of  such  juices  if  the  juices  are  exposed  to  air,  the  high  moisture 
content  favors  the  faster-growing  yeasts  and  bacteria.  Which  of  the  latter 
will  predominate  in  juices  low  in  sugar  and  acid  will  depend  more  upon 
the  temperature  than  the  composition.  The  removal  of  solids  from  the 
juices  by  extraction  and  sieving  raises  the  oxidation-reduction  potential 
and  favors  yeasts.  Most  fruit  juices  are  acid  enough  and  have  sufficient 
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sugar  to  favor  tlie  growth  of  yeasts  within  tlie  range  of  temperature  tliat 
favors  them,  namely,  from  60  to  95°F  (15.6  to  35  C).  Tlie  defieiency  of 

vitamins  discourages  some  bacteria. 

llierefore,  the  normal  change  to  be  e.xpected  in  raw  fruit  juices  at 
room  temperatures  is  an  aleoliolic  fermentation  bv  veasts,  followed  bv 
the  oxidation  of  alcohol  and  fruit  acids  bv  film  veasts  or  molds  growing 
on  the  surface  if  it  is  exposed  to  air  or  the  oxidation  of  the  alcohol  to 
acetic  acid  if  acetic  acid  bacteria  are  present.  The  kinds  of  yeasts  to  grow 
will  depend  upon  the  kinds  predominant  in  the  juice  and  upon  the  tem¬ 
perature,  but  usually  wild  yeasts,  such  as  tlie  apiculate  ones,  producing 
only  moderate  amounts  of  alcohol  and  considerable  amounts  of  volatile 
acid,  will  carry  out  the  first  fermentation.  At  temperatures  near  the  ex¬ 
tremes  of  the  range  indicated  (60  to  95°F),  the  undesirable  yeasts  are 
more  likely  to  grow  than  those  producing  desirable  flavors.  At  tempera¬ 
tures  above  90  to  95°F  (32.2  to  35°C)  lactobacilli  would  be  likelv  to 
grow  and  form  lactic  and  some  volatile  acids  because  these  temperatures 
are  too  high  for  most  veasts.  At  temperatures  below  60°F  ( 15.6  C )  wild 
yeasts  may  grow,  but  the  more  the  temperature  drops  toward  freezing, 
the  more  likelv  would  be  the  grow  th  of  bacteria  and  molds  rather  than 
yeasts.  An  acid  fermentation  bv  lactic  acid  bacteria,  e.g.,  Leiiconostoc 
mesentcroides  and  T.  dcxtranicum,  mav  take  place,  and  the  acidity  may 
be  reduced  bv  film  veasts  and  molds  growing  on  the  surface.  At  tempera¬ 
tures  near  freezing,  sliminess  mav  be  produced  bv  psvchrophilic  bacteria. 
Some  of  the  possible  changes  Nvill  be  discussed  under  Wines  in  Chap¬ 
ter  28. 


Vegetable  juices  contain  sugars  but  are  less  acid  than  fruit  juices, 
having  pH  values  in  the  range  of  5.0  to  5.S  for  the  most  part.  \T‘getable 
juices  also  contain  a  plentiful  supply  of  accessor)-  growth  factors  for 
microorganisms  and  hence  support  good  growth  of  the  fastidious  lactic- 
acid  bacteria.  Acid  fermentation  of  the  raw  juice  by  these  and  other  acid¬ 
forming  bacteria  would  be  a  likely  cause  of  spoilage,  although  yeasts  and 
molds  could  grow. 

C’oncentrates  of  fruit  and  vegetable  juices,  because  of  their  increased 
acidity  and  sugar  concentration,  favor  the  growth  of  yeasts  and  of  acid- 
and  sugar-tolerant  Leiiconostoc  and  I Aictohacillus  species.  Such  concen¬ 
trates  usually  are  canned  and  then  heat-treated  or  frozen.  Heat  jiroce.ss- 
ing  kills  the  important  microorganisms  that  coidd  cause  spoilage,  and 
freezing  prewents  the  growth  of  such  organisms. 


SPOILACF  OF  FFHMFXTFI)  FHODICTS 

The  spoilage  of  wines  and  other  fermented  fruit  juices  and  of  malt 
li(juors  and  vinegar  wall  be  discussed  in  Chapter  28. 
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Sauerkraut 

Sauerkraut  may  be  of  inferior  quality  because  of  an  abnormal  fer¬ 
mentation.  Too  high  a  temperature  may  inhibit  the  growth  of  Leuco- 
nostoc  and,  consequently,  the  flavor  production  by  that  organism,  and 
may  permit  the  growth  of  Pediococcus  cerevisiae  and  the  development  of 
undesirable  flavors.  Too  low  a  temperature  may  prevent  adequate  activ¬ 
ity  of  the  desired  succession  of  lactic  bacteria  and  encourage  the  growth 
of  contaminants  from  the  soil,  e.g.,  Aerohacter  and  Fhivohocteriiiiii.  Too 
long  a  fermentation  may  favor  the  growth  of  the  gas-forming  Lacto- 
hacilhis  brevis,  which  yields  a  sharply  acid  flavor.  Too  much  salt  may 
encourage  microorganisms  other  than  the  desired  ones,  Pediococcus 
cerevisiae  and  yeasts,  for  e.xample. 

Soft  kraut  mav  result  from  a  faulty  fermentation  and  from  exposure  to 
air,  or  from  too  \’igorous  pressing  down  or  tamping. 

Dark-brown  or  black  kraut  usually  is  due  to  oxidation  during  exposure 
to  air  and  is  caused  by  the  combined  action  of  plant  enzymes  and  micro¬ 
organisms.  Destruction  of  acid  by  film  yeasts  and  molds  makes  conditions 
favorable  for  proteolytic  and  pectolytic  organisms  to  rot  the  kraut 
rapidly.  Darkening  is  encouraged  by  uneven  salting  (“salt  burn”)  and  a 
high  temperature.  A  brown  color  may  result  from  iron  in  hoops  and 
tannin  from  barrels. 

Pink  kraut  often  is  caused  by  red,  asporogenous  yeasts  in  the  presence 
of  air  and  high  salt,  and  is  found  especially  when  the  salt  has  been 
distributed  unevenly.  The  development  of  pink  color  is  fa\'ored  by  high 
temperature,  dirty  vats,  low  acidity,  and  iron  salts.  A  light-pink  color 
has  been  attributed  to  the  pigments  in  some  varieties  of  cabbage. 

Slimy  or  ropy  kraut  is  caused  by  encapsulated  varieties  of  Lactobacil¬ 
lus  planfarum.  The  product  is  edible  but  unsalable.  The  sliminess  may 
disappear  on  longer  liolding  and  usually  disappears  during  the  cooking 
of  the  kraut. 

Sauerkraut,  then,  is  especially  subject  to  spoilage  at  its  surface,  where 
it  is  exposed  to  air.  There  film  yeasts  and  molds  destrov  the  acidity,  per¬ 
mitting  other  microorganisms  to  grow  and  causing  softening,  darkening, 
and  bad  flavors. 

Pickles 

Fermented  pickles  are  subject  to  a  number  of  defects  or  “diseases,” 
most  of  which  are  caused  by  microorganisms.  Shriveling  results  from  the 
physical  effect  of  too  strong  salt,  sugar,  or  vinegar  solutions.  Hollow 
pickles  grow  that  way,  according  to  most  authorities,  and  get  worse  if 
the  cucumbers  are  allowed  to  stand  for  a  while  after  harvesting  and  be¬ 
fore  fermenting  them.  Other  workers  believe  that  wrong  conditions  dur- 
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Ki^.  20-9.  Bloaters  (hollow  cucumbers)  formed  by  gaseous  fermeutatiou.  ()bs«r\e 
leus-shaned  gas  pockets,  which  may  combine  to  form  a  single  large  cavity  (see  inset-. 
(Courtesy  of  J.  L.  Etchelh  and  1.  D.  Jones,  Glass  Packer,  30  (.5):  3.5H-.300,  1931.) 


ing  fermentation,  such  as  loose  packing  in  the  v'at,  insufficient  weighting, 
too  rapid  a  fermentation,  and  too  strong  or  too  weak  a  brine,  cause  hol¬ 
low  pickles. 

Floaters,  or  bloaters  (Figure  20-9),  mav  he  due  to  the  original  rueum- 
hers  being  hollow  or  to  gas  being  formed  by  ycMsts  (<>r  Iau  trdmrdlus 
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brevis)  inside  the  cucumber.  Floaters  are  favored  by  a  thick  skin  that 
does  not  allow  gas  to  diffuse  out,  by  rapid  gas  production  during  fer¬ 
mentation,  by  high  initial  amounts  of  salt,  by  added  acid,  and  by  added 

sugar. 

Slippery  pickles  occur  when  the  cucumbers  are  exposed  to  the  air, 
permitting  the  growth  of  encapsulated  bacteria.  Slipperiness  also  may  be 


Fig.  20-10.  Soft  pickles.  These  salt-stock  pickles  ha\e  become  mushy  as  the  result 
of  the  action  of  pectolytic  enzymes.  (Courtesy  of  J.  L.  Etchclls  and  1.  D.  Jones, 
Glass  Packer,  30  (5):  358-360,  1951.) 


due  to  the  broken  scums  of  film  yeasts  that  have  grown  on  the  surface 
of  the  brine  and  dropped  onto  the  cucumbers.  An  early  stage  of  softening 
gives  a  slippery  surface  to  pickles. 

Soft  pickles  (Figure  20-10)  usually  are  made  so  by  bacteria  of  the 
genus  Bacillus,  although  other  pectin-fermenting  (polygalacturonase- 
producing)  bacteria  may  be  involved.  This  takes  place  before  acid  de¬ 
velopment  is  well  under  way  or  if  the  acidity  of  the  brine  has  been 
reduced  by  film  yeasts,  molds,  or  other  agencies.  Molds  also  can  cause 
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softening,  as  can  enzymes  of  the  cncinnher  or  weak  or  strong  acids.  De¬ 
esterification  of  pectic  substances  by  yeasts  may  liasten  softening  by 
polygalacturonase  from  other  sources.  Softening  is  favored  by  (1)  too 
low  salt  and  hence  an  abnormal  fermentation;  ( 2 )  too  high  a  tempera¬ 
ture,  also  affecting  the  acid  production;  (3)  lo\\"  acidity,  either  because 
not  enough  was  formed  or  because  it  was  destroyed  iiy  film  yeasts  or 
molds;  (4)  presence  of  air  to  favor  the  growth  of  film  veasts,  molds,  or 
pectin-fermenting  bacteria;  and  (5)  inclusion  of  many  blossoms  (usually 
with  ver\'  small  cucumbers),  on  which  molds  have  growm  and  produced 
polygalacturonase,  which  causes  softening. 

Black  pickles  may  owe  their  color  to  the  formation  of  hydrogen  sulfide 
by  bacteria  (or  less  commonly  by  chemical  reaction)  and  combination 
with  iron  in  the  water  to  vield  black  ferrous  sulfide.  Therefore,  M’ater  for 
pickles  should  have  a  low  iron  and  gypsum  ( CaSO^ )  content.  Tiie  defect 
is  favored  by  low  acidity  of  the  brines.  Another  cause  of  black  pickles  is 
the  growth  of  black-pigmented  Bacillus  nigrificans,  a  varietv  of  Bacillus 
suhtilis,  which  is  favored  by  (1)  presence  of  an  available  carbohvdrate 
like  glucose;  (2)  a  low  level  of  available  nitrogen;  and  (3)  a  neutral  or 
slightly  alkaline  brine. 

Ropy  pickle  brine,  due  to  various  unidentified  motile,  Gram-negativ'e, 
encapsulated  rods,  is  favored  by  (1)  low  salt,  (2)  low  acid,  and  (3) 
high  temperature. 

Green  Olives 

Gassy  spoilage  of  green  olives  usually  is  caused  by  coliform  bacteria, 
especiallv  Acrohacter  species,  but  sometimes  bv  Bacillus  (aerobacillus) 
and  Clostridium  species.  Evidences  of  gas  are  blisterlike  spots  unde'r  the 
skin,  or  fissures  or  gas  pockets  within  the  olives  producing  the  defect 
termed  “fisheye”  and  causing  the  olives  to  become  “floaters. ”  Gas-forming 
veasts  and  heterofermentative  lactics  are  less  commonly  responsible  for 
gassy  defects. 

If  conditions  are  not  fav^orablc  for  the  normal  lactic  fermentation,  an 
abnormal  butvric  fermentation  by  Clostridium  species  (e.g.,  C.  htdt/r- 
ictim)  mav  result  in  bad  odors  and  tastes.  If  the  pH  is  above  4.2,  a 
“sagv  ’  off-odor  and  -taste,  called  “zapatera”  spoilage,  may  dev'elop, 
caused  by  species  of  Clostridiuui  aided  by  propionic  bacteria.  The  odor 
also  has  been  described  as  from  mildly  cheesy  (butyric)  to  foul  and 
fecal  (putrefactive). 

Softening  resulting  from  the  destruction  of  pectic  substances  in  the 
olive  mav  have  phvsical  or  chemical  causes  or  may  be  caused  by  pecto- 
Ivtic  Bacillus  species  and  molds  (Penicillitim,  Aspergillus). 

Raised  white  spots  or  piiiiples  just  under  the  epidermis  of  the  olive, 
WTongly  termed  “yeast  spots,”  are  really  colonies  of  Lactobacillus  plan- 
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fartim  or  L.  brevis.  Similar  spots  are  sometimes  found  on  fermented  cu¬ 
cumber  pickles. 

Cloudiness  of  brine  of  glass-packed  olives  may  be  caused  by  micro¬ 
organisms:  (1)  the  lactics,  if  fermentation  of  residual  sugar  resumes; 
(2)  salt-tolerant  bacteria;  or  (3)  film  yeasts  or  molds,  if  air  is  available. 
Earlier,  during  the  processing  of  the  olives,  surface  growths  of  film 
veasts  may  destroy  lactic  acid  and  produce  undesirable  odors  and  tastes 
that  w'ill  carry  over  into  the  finished  product. 

Ripe  Olives 

Spoilage  of  ripe  olives  may  take  place  w'hile  they  are  in  the  holding 
brine,  wath  bleaching  of  the  color  and  perhaps  some  softening.  Coliform 
bacteria  have  been  blamed  for  such  defects,  as  w^ell  as  for  blistering  or 
“fisheye”  spoilage.  Unless  the  temperature  of  the  waish  waiter  is  below’ 
70°f"(21°C)  or  is  in  the  range  120  to  140°F  (49  to  6()°C)  during  the 
removal  of  lye  from  the  oli\’es,  bacterial  grow’th  may  take  place  w’ith 
softening  of  the  fruit.  It  has  been  demonstrated  that  pectolytic  enzymes 
of  Bacillus  siibtilis  and  Bacillus  puinilus  can  cause  the  defect. 

Summary  on  Spoilage  of  Fermented  Fruit  and  Vegetable  Products 

The  most  likely  causes  of  the  spoilage  of  fermented  fruit  and  vegetable 
products,  then,  are  (1)  abnormal  fermentations  due  to  the  w’rong  condi¬ 
tions  during  the  fermentation;  and  (2)  the  oxidation  of  lactic  and  other 
acids  in  the  fermented  product  by  film  yeasts  and  molds  to  permit  the 
grow’th  of  microorganisms  that  cause  undesirable  appearance,  texture, 
taste,  or  odor. 


SPOILAGE  OF  CANNED  FRUIT  AND  VEGETABLE  PRODUCTS 

The  spoilage  of  jellies,  jams,  marmalades,  and  butters  and  of  canned 
fruit  and  vegetable  products  w’ill  be  discussed  in  Chapter  26. 
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CHAPTER  21 


spoilage  of  Meats  and  Meat  Products 


Raw  meat  is  subject  to  change  by  its  own  enzymes  and  by  microbial 
action,  and,  in  addition,  its  fat  may  be  oxidized  chemically.  A  moderate 
Limount  of  antolysis  is  desired  in  the  tenderizing  of  beef  and  game  by 
‘hanging”  or  iiging,  but  is  not  encouraged  in  most  other  raw  meats.  An- 
tolytic  changes  include  some  proteolytic  action  on  muscle  and  connective 
tissues  and  slight  hydrolysis  of  fats.  The  defect  caused  by  excessive  au¬ 
tolysis  has  been  called  “souring,”  an  inexact  term  that,  it  will  be  noted, 
is  applied  to  a  variety  of  kinds  of  spoilage  of  food,  and,  in  fact  to  almost 
any  kind  that  gives  a  sour  odor.  “Souring”  due  to  autolysis  is  difficult  to 
separate  or  distinguish  from  defects  caused  by  microbial  action,  espe¬ 
cially  from  simple  proteolysis.  However,'  this  preliminary  hydrolysis  of 
iroteins  by  the  meat  enzymes  undoubtedly  helps  microorganisms  start 
growing  in  the  meat  by  furnishing  the  simpler  nitrogen  compounds 
needed  by  many  microorganisms  that  cannot  attack  complete  native 
proteins. 


GENERAL  PRINCIPLES  UNDERLYING  MEAT  SPOILAGE 

The  contamination  of  meats  has  been  discussed  in  Chapter  5,  where  it 
was  pointed  out  that  during  slaughter,  dressing,  and  cutting,  micro¬ 
organisms  come  chiefly  from  the  exterior  of  the  animal  and  its  intestinal 
tract,  but  that  more  are  added  from  knives,  cloths,  air,  workers,  carts, 
boxes,  and  equipment  in  general.  A  great  variety  of  kinds  of  organisms 
are  added,  so  that  it  can  be  assumed  that  under  ordinary  conditions  most 
kinds  of  potential  spoilage  organisms  are  present  and  will  be  able  to 
grow  if  favorable  conditions  present  themselves. 

Invasion  of  Tissues  by  Microorganisms 

Upon  the  death  of  the  animal  invasion  of  the  tissues  by  contaminating 
microorganisms  takes  place.  The  factors  that  influence  that  invasion  are: 
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1.  Tlte  load  in  the  gut  of  the  animal.  The  greater  the  loatl  the  greater 
will  be  the  invasion  of  tissues.  For  that  reason  starvation  for  24  hr  before 
slaughter  has  been  recommended. 

2.  T1  le  physiological  condition  of  the  animal  immediately  before 
slaughter.  If  the  animal  is  e.xcited,  feverish,  or  fatigued,  bacteria  are  more 
likely  to  enter  the  tissues,  bleeding  is  apt  to  be  incomplete,  encouraging 
the  spread  of  bacteria,  and  chemical  changes  may  take  place  more 
readilv  in  the  tissue,  such  as  those  due  to  better  bacterial  growth  because 
of  a  higher  pH,  more  rapid  development  of  r/gor  mortis  and  therefore 
earlier  release  of  juices  from  the  meat  fibers,  and  more  rapid  denatura- 
tion  of  proteins,  because  glycogen  is  used  up  in  fatigue,  the  pH  uill  not 
drop  from  7.2  to  about  5.7,  as  it  would  do  normally. 

3.  The  method  of  killing  and  bleeding.  The  better  the  bleeding,  the 
better  will  be  the  keeping  cpiality  of  the  meat. 

4.  The  rate  of  cooling.  Rapid  cooling  will  reduce  the  rate  of  inx  asion 
of  the  tissues  by  microorganisms. 

Microorganisms  are  spread  in  the  meat  through  the  blood  and  lymph 
vessels  and  connective-tissue  interspaces,  and,  in  ground  meat,  by 
grinding. 


Growth  of  Microorganisms  in  Meat 

Meat  is  an  ideal  culture  medium  for  many  organisms  because  it  is  high 
in  moisture,  rich  in  nitrogenous  foods  of  various  degrees  of  complexity, 
plentifully  supplied  with  minerals  and  accessory  growth  factors,  usually 
has  some  fermentable  carbohydrate,  and  is  at  a  favorable  pH  foi  most 
microorganisms. 

The  factors  that  influence  the  growth  of  microorganisms  and  hence 
the  kind  of  spoilage  are  those  mentioned  in  Chapter  17.  Briefly  these 


factors  are:  _ 

1.  The  kind  and  amount  of  contamination  with  microorganisms  and 

the  spread  of  these  organisms  in  the  meat.  For  example,  meat  with  a  con¬ 
taminating  flora  that  is  high  in  percentage  of  low  temix^rature  Pseiido- 
monds  (or  Achromohacter)  species  would  spoil  at  chilling  temperaturts 
more  rapidly  than  meat  with  a  low  percentage  of  these  psychrophiles. 

2  The  physical  properties  of  the  meat.  The  amount  of  exposed  surface 
of  the  flesh  'has  considerable  influence  on  the  rate  of  spoilage  because 
the  greatest  load  of  organisms  usually  is  there  and  air  is  a\ailable  lor 
aeroiiic  organisms.  Fat"  may  protect  some  surfaces,  but  is  subject  to 
spoilage  itself,  chieflv  enzvmatic  and  chemical.  The  grinding  of  mea 
greatlv  increases  the'  surface  and  encourages  microbial  grou4h  for  ttm 
reason  and  because  it  releases  moisture  and  distributes  bacteria  throng  i- 
out  the  meat.  Skin  on  meat  serves  to  protect  the  meat  inside,  althoug  i 


microorganisms  grow  on  it. 
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3.  Chemical  properties  of  the  meat.  It  has  been  pointed  out  that  meat 
n  general  is  a  fine  culture  medium  for  microorganisms.  The  moisture 
content  is  important  in  determining  whether  organisms  can  grow  and 
ivhat  kinds  can  grow,  especially  at  the  surface,  where  drying  may  take 
olace.  Thus  the  surface  may  be  so  dry  as  to  permit  no  growth,  a  little 
moist  to  allow  mold  growth,  still  moister  to  encourage  yeasts,  and  very 
noist  to  favor  bacterial  growth.  The  relative  humidity  of  the  storage 
itmosphere  is  important  in  this  regard. 

Food  for  microorganisms  is  plentiful,  but  the  low  content  or  absence 
if  fermentable  carbohydrate  and  the  high  protein  content  tend  to  favor 
"he  nonfermenting  types  of  organisms,  those  that  can  utilize  proteins  and 
:heir  decomposition  products  for  nitrogen,  carbon,  and  energy. 

The  pH  of  raw  meat  may  vary  from  about  5.7  to  over  7.2,  depending 
upon  the  amount  of  glycogen  present  at  slaughter  and  subsecjuent 
changes  in  the  meat.  A  higher  pH  value  favors  microbial  growth,  a  lower 
me  usuallv  makes  it  slower  and  mav  be  selecti\'e  for  certain  organisms, 
>uch  as  yeasts. 

4.  Availabilitv  of  oxygen.  Aerobic  conditions  at  the  surface  of  meat  are 
’avorable  to  molds,  yeasts,  and  aerobic  bacteria.  Within  the  solid  pieces 
if  meat,  conditions  are  anaerobic  and  tend  to  remain  that  way  because 
;he  oxidation-reduction  potential  is  strongly  poised  at  a  low  level,  al- 
;hough  oxygen  will  diffuse  slowly  into  ground  meat  and  slowly  raise  the 
Dxidation-reduction  potential  unless  the  casing  or  packaging  material  is 
mpervious  to  oxygen.  True  putrefaction  is  fav'ored  bv  anaerobic 
conditions. 

5.  Temperature.  Meat  should  be  stored  at  temperatures  not  far  above 
■  reezing,  where  only  low-temperature  microorganisms  can  grow.  Molds, 

I /easts,  and  psychrophilic  bacteria  grow  slo^^'ly  and  produce  character- 

stic  defects  to  be  discussed  later.  True  putrefaction  is  rare  at  these  low’ 
emperatures  but  is  likely  at  room  temperature.  As  for  most  foods,  the 
emperature  is  most  important  in  selecting  the  kinds  of  organisms  to 
‘^row  and  the  types  of  spoilage  to  result.  At  chilling  temperatures,  for 
t  example,  psychrophiles  are  favored  and  proteolysis  is  likely,  caused  by  a 
I  lominating  species  of  bacterium,  follow^ed  by  utilization  of  peptides  and 
imino  acids  by  secondary  species.  At  ordinary  atmospheric  temperatures, 
nesophiles  would  grow,  such  as  coliform  bacteria  and  species  of  Bacillus 
md  Cdostridium,  with  the  production  of  moderate  amounts  of  acid  from 
he  limited  amounts  of  carbohydrates  present. 

general  Types  of  Spoilage  of  Meats 

Tlie  common  t\-pes  of  spoilage  of  meats  can  lie  classified  on  the  basis 
if  whether  they  occur  under  aerobic  or  anaerobic  conditions  aiul  whether 
hey  are  caused  by  bacteria,  yeasts,  or  molds. 
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Spoilage  under  Aerobic  Conditions.  Under  aerobic  conditions  bacteria 
may  cause; 

1.  Surface  slime,  which  mav  be  caused  by  species  of  Pscudojjwnas, 
Achrom^xicter,  Streptococcus,  Leuconostoc,  Bacillus,  and  Micrococcus. 
^oinespecies  of  Lactobacillus  can  produce  slime.  British  workers  report 
that  about  32,0(K),()(X)  to  50, (X)(), ()()()  bacteria  per  S(|uare  centimeter  of 
surface  are  present  when  slime  first  becomes  evident.  Yeasts  also  may 
cause  slime. 

2.  Changes  in  color  of  meat  pigments  (see  Figure  14-1).  The  red 
color  of  meat,  called  its  “bloom,”  may  be  changed  to  shades  of  green, 
brovvm,  or  gray  as  the  result  of  the  production  of  oxidizing  compounds, 
e.g.,  peroxides,  or  of  hvdrogen  sulfide,  by  bacteria.  Species  of  LarUibacil- 
lus  (mostly  heterofermentative)  and  Leuconostoc  are  reported  to  cause 


the  gretming  of  sausage. 

3.  Changes  in  fats.  The  oxidation  of  unsaturated  fats  in  meats  takes 
place  chemically  in  air  and  may  be  catalyzed  by  light  and  copper. 
Idpolvtic  bacteria  may  cause  some  lipolysis  and  also  may  accelerate  the 
oxidation  of  the  fats.  Some  fats,  like  butterfat,  become  talloww  on  oxida¬ 
tion  and  rancid  on  hydrolysis;  but  most  animal  fats  develop  “oxidative 
rancidit\'”  when  oxidized,  with  off-odors  due  to  aldehydes  and  acids. 
Hydrolysis  adds  the  flavor  of  the  released  fatty  acids.  Rancidity  of  fats 
may  be  caused  by  lipolytic  species  of  Pseudomonas  and  Achrmiohurter 
or  by  yeasts. 

4.  Phosphorescence.  This  rather  uncommon  defect  is  caused  by  phos¬ 
phorescent  or  luminous  bacteria  growing  on  the  surface  of  the  meat. 
Species  of  Photobactprium  have  been  found  luminescent. 

5.  Yarious  surface  colors  due  to  pigmented  bacteria.  Thus  “red  spot 
mav  be  caused  bv  Serratia  marcescei\s  or  other  bacteria  with  red  pig¬ 
ments.  Pseudomonas  st^nc^iimig  can  impart  a  blue  color  to  the  surface. 
Yellow  discolorations  are  caused  by  bacteria  with  yellow  pigments, 
usually  species  of  Micrococcus  or  Flavobacteriiim.  Chromobacterium 
lividum  and  other  bacteria  give  greenish-blue  to  brownish-black  spots 
on  stored  beef.  The  purple  “stamping-ink”  discoloration  of  surface  fat 
is  caused  by  yellow-pigmented  cocci  and  rods.  When  the  fat  becomi's 
rancid  and  peroxides  appear,  the  yellow  color  changes  to  a  greenish 

shade  and  later  becomes  purplish  to  blue. 

6.  Off-odors  and  -tastes.  “Taints,”  or  undesirable  odors  and  tastes, 
that  appear  in  meat  as  the  result  of  the  growth  of  bacteria  on  the  surface 
often  are  evident  before  other  signs  of  spoilage.  “Souring”  is  the  term 
applied  to  almost  anv  defect  that  gives  a  sour  odor  that  may  be  due  to 
volatile  acids,  e.g.,  formic,  acetic,  butyric,  and  propionic,  or  even  to 
growth  of  yeasts.  “Cold-storage  flavor”  or  taint  is  an  indefinite  term  for  a 
stale  flavor.  Actinomycetes  may  be  responsible  for  a  musty  or  earthy  fla\ or. 
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Under  aerobic  conditions  yeasts  may  grow  on  tlie  surface  ()f  meats  to 
cause  sliminess,  lipolysis,  off-odors  and  -tastes,  and  discolorations— w  iite, 
cream,  pink,  or  brown — due  to  pigments  in  tbe  yeasts. 

Aerobic  growth  of  molds  may  cause: 

1.  Stickiness.  Incipient  growth  of  molds  makes  the  surface  of  the  meat 
sticky  to  the  touch. 

2.  Whiskers.  When  meat  is  stored  at  temperatures  near  freezing,  a 
limited  amount  of  mycelial  gro^^'th  may  take  place  \\athout  sporulation. 

Sueh  white,  fuzzy  growth  can  be  caused  by  a  number  of  molds,  including 
Thamnidium  chaetochdioides,  or  T.  elcgans,  Mucor  mucedo,  M.  lusi- 
tanicus,  or  M.  racemosus,  Rhizopm,  and  others. 

.3.  Black  spot.  This  usually  is  caused  by  CAadosporium  herharum,  but  ^ 

other  molds  with  dark  pigments  may  be  responsible. 

4.  White  spot.  Sporofrichiim  carnis  is  the  most  common  cause  of  white 
spot,  although  any  mold  with  wet,  yeastlike  colonies,  e.g.,  Qeotiichum, 
could  cause  white  spot. 

5.  Green  patches.  These  are  eaused  for  the  most  part  by  the  green  q 
spores  of  species  of  PeniciUiuui  such  as  F.  expausiim,  P .  aspendiim,  and 

P.  oxaUcum. 

6.  Decomposition  of  fats.  Many  molds  haye  lipases  and  hence  cause 
hydrolysis  of  fats.  Molds  also  aid  in  the  oxidation  of  fats. 

7.  Off-odors  and  -tastes.  Molds  giye  a  must)’  flavor  to  meat  in  the 
vicinity  of  their  growth.  Sometimes  the  defect  is  given  a  name  indicating 
the  cause,  e.g.,  “thamnidium  taint.” 

Spots  of  surface  spoilage  by  veasts  and  molds  usually  are  localized  to 
a  great  extent  and  can  be  trimmed  off  withcut  barm  to  the  rest  of  the 
meat.  The  time  that  has  been  allowed  for  diTusion  of  the  products  of 
decomposition  into  the  meat  and  the  rate  of  that  diffusion  will  determine 
the  depth  to  which  the  defect  will  appear.  Extensive  bacterial  growth 
over  the  surface  may  bring  fairly  deep  penetration.  Then,  too,  facultatiye 
bacteria  may  grow  inwards  slowly. 

Spoilage  under  Anaerohie  Conditions.  Facultatix’e  and  anaerobic  bac¬ 
teria  are  able  to  grow  within  the  meat  under  anaerobic  conditions  and 
cause  spoilage.  The  terminology  used  in  connection  with  this  spoilage 
is  inexact.  Most  used  are  the  words  “souring,”  “putrefaction,”  and  “taint,” 
but  these  terms  apparently  mean  different  things  to  different  people. 

1.  Souring.  The  term  implies  a  sour  odor  and  perhaps  taste.  This  could 
be  due  to  formic,  acetic,  butyric,  propionic,  and  higher  fatty  acids,  or  to 
other  organic  acids  such  as  lactic  or  succinic.  Souring  can  result  from 
(a)  action  of  the  meat’s  own  enzymes  during  aging  or  ripening;  (/;) 
anaerobic  production  of  fatty  acids  or  lactic  acid  by  tbe  bacterial  action; 
or  (c)  proteolysis  without  putrefaction,  caused  by  facultatiye  or  anaero¬ 
bic  bacteria  and  sometimes  called  “stinking  sour  fermentation.”  Acid 
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and  gas  formation  accompany  the  action  of  the  “hiit\'ric”  Clostridiiini 
species  and  the  coliform  bacteria  on  carbohydrates. 

2.  Putrefaction.  True  putrefaction  is  the  anaerobic  decomposition  of 
protein  witli  the  production  of  foul-smelling  compounds  like  hydrogen 
sulfide,  mercaptans,  indole,  skatole,  ammonia,  amines,  etc.  It  usually  is 
caused  bv  species  of  Clostridium,  but  facultative  bacteria  may  cause 
putrefaction  or  assist  in  its  production,  as  evidenced  by  the  long  list  of 
species  with  the  specific  names  “putrefaciens,”  “putrificus,”  “putida,’  etc., 
chiefly  in  the  genera  Pseudomonas  and  Achromohacter.  Also,  some 
species  of  Proteus  are  putrefactive.  The  confusion  in  the  use  of  the  term 
putrefaction  arises  from  the  fact  that  any  type  of  spoilage  with  foul 
odors,  whether  from  the  anaerobic  decomposition  of  protein  or  the  break¬ 
down  of  other  compounds,  even  nonnitrogenous  ones,  may  he  termed 
wrongly  putrefaction.  Thus,  for  example,  trimethylamine  in  fish,  or  iso- 
v'aleric  acid  in  butter,  are  described  as  “putrid  odors.  Gas  formation  ac¬ 
companies  putrefaction  by  clostridia,  the  gases  being  hydrogen  and  car¬ 
bon  dioxide. 

3.  Taint.  Taint  is  a  still  more  inexact  word  applied  to  any  off-taste 
or  -odor.  The  term  “bone  taint”  of  meats  refers  to  either  souring  or  putre¬ 
faction  next  to  the  bones,  especially  in  hams.  Usually  it  means  putrefac¬ 
tion. 

Not  only  air  but  also  temperature  has  an  important  influence  on  the 
type  of  spoilage  to  be  expected  in  meat.  When  meat  is  held  at  tempera¬ 
tures  near  0°C  (32°F),  as  recommended,  microbial  growth  is  limited  to 
that  of  molds,  yeasts,  and  bacteria  able  to  grow  at  low  temperatures. 
These  include  many  of  the  types  that  produce  sliminess,  discoloration, 
and  spots  of  growth  on  the  surface  and  many  that  can  cause  souring, 
such  as  Pseudomonas,  Aehromohacter,  Laetohaeillus,  Leueonostoc,  Strep- 
toeoeeus,  and  Flavohacterium  species.  Most  true  putrefiers,  like  those  in 
the  genus  Clostridium,  require  temperatures  above  those  of  the  refriger¬ 
ator. 


SPOILAGE  OF  DIFFERENT  KINDS  OF  MF.VTS 

The  processing  of  meats  bv  curing,  smoking,  dr\  ing,  or  canning  usiialK 
changes  them  and  their  microbial  flora  enough  to  encourage  types  ot 
spoilage  not  undergone  by  fresh  meats. 

Spoilage  of  Fresh  Meats 

Tho  spoila^e  of  fresh  .neats  has  been  cor  erec!  in  tl.e  precetlmg  .Hscm- 
sion  of  ge..eral  tvpes  of  spoilage,  l.ittle  has  been  reporte.  on  he  s,  g. 
of  fresh  veal,  pork,  Unnh,  or  .nntton,  altho.igh  presninahly  the  ,sp<  ■  g 
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would  be  similar  to  that  of  beef.  Perhaps  pork  spoils  more  readily  than 
other  meats  because  of  its  high  content  of  B  vitamins. 

Lactic  acid  bacteria,  chiefly  of  the  genera  Lactobacillus,  Lcuconostoc, 
Streptococcus,  and  Pediococcus,  are  present  in  most  meats,  fresh  or  cured, 
and  can  grow  even  at  refrigerator  temperatures.  Ordinarily  their  limited 
growth  does  not  detract  from  the  quality  of  the  meat;  on  the  contrary, 
in  certain  tvpes  of  sausage,  such  as  salami,  Lebanon,  and  Thuringer,  the 
lactic  fermentation  is  encouraged.  However,  the  lactic  acid  bacteria  may 
be  responsible  for  three  L'pes  of  spoilage:  (1)  slime  formation  at  the 
surface  or  within,  especially  in  the  presence  of  sucrose;  (2)  production 
of  a  green  discoloration;  or  (3)  souring,  when  excessive  amounts  of  lactic 
and  other  acids  have  been  produced. 

Fresh  Beef.  Fresh  beef  undergoes  the  changes  in  color  mentioned:  (1) 
changes  in  the  hemoglobin  and  myoglobin,  the  red  pigment  in  the  blood 
and  muscles,  respectivelv,  so  as  to  cause  loss  of  bloom  and  the  produc¬ 
tion  of  reddish-browm  methemoglobin  and  metmyoglobin  and  the  green- 
gray-brown  other  oxidation  pigments  bv  action  of  oxvgen  and  micro¬ 
organisms;  (2)  white,  green,  vellow,  greenish-blue  to  brown-black  spots, 
and  purple  discolorations  due  to  pigmented  microorganisms;  (3)  phos¬ 
phorescence;  and  (4)  spots  due  to  various  bacteria,  yeasts,  and  molds. 
Beef  also  is  subject  to  sliminess  on  the  surface  due  to  bacteria  or  yeasts, 
stickiness  due  to  molds,  whiskers  resulting  from  mycelial  growth  of 
molds,  and  souring  and  putrefaction  bv  bacteria. 

Hamburger.  Hamburger  held  at  room  temperature  usually  putrefies, 
but  at  temperatures  near  freezing  acquires  a  stale,  sour  odor.  The  sour¬ 
ness  at  low  temperatures  has  been  found  to  be  caused  chiefly  by  species 
of  Pseudomonas,  with  help  from  lactic  acid  bacteria.  Achromobacter, 
Micrococcus,  and  Flavobactcrium  species  may  grow  in  some  samples.  A 
large  number  of  kinds  of  microorganisms  have  been  found  in  hamburger 
held  at  higher  temperatures,  but  no  distinction  has  been  made  between 
mere  presence  and  actual  growth.  Among  the  genera  reported  are  Bacil¬ 
lus,  Clostridium,  Escherichia,  Aerobacter,  Proteus,  Pseudomonas,  Achro¬ 
mobacter,  Lactobacillus,  Leucono.stoc,  Streptococcus,  Micrococcus,  and 
Sarcina  of  the  bacteria,  and  Penicillium  and  ^lucor  of  the  molds.  A  few 
yeasts  also  have  been  found. 

Fresh  Pork  Satrsage.  Fresh  sausage  is  made  mostly  of  ground,  fresh 
pork  to  which  salt  and  spices  have  been  added.  Tt  may  be  sold  in  bulk 
or  in  natural  or  artificial  casings.  Pork  sausage  is  a  perishable  food  that 
must  be  preserved  by  refrigeration  and  then  can  be  kept  only  a  relatix  ely 
short  time  without  spoilage.  Sourmg,  the  most  common  type  of  spoilage 
refrigerator  temperatures  of  0~t^lPC~(32  to  5L8°F),  has  been  at- 
tribuTecl  to  growthimd^id  production  by  lactobacilli  and  lciiconostoc_s, 
although  M^robact^m  jind_Mtocpcct7r77rganisms 
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higlier  storage  temperatures.  The  encased  pork  sausages,  and  especially 

the  “little-pig”  tvpe,  are  subject  to  sFiine  formation  (TT  the  outside  of  the 

casin'g^irTon^storage,  or  to  variously  colored  spots  due  to  moTcTgrowth. 

Thus  ATternaria  has  been  found  to  cause  small,  dark  spots  on  refrigerated 
^ —  — • 

links. 


Fit'.  21-1.  Slimy  spoilage  of  wieners.  Xote  slimy 
side,  developing  into  colonies  here  and  there. 


growth  of  microorganisms  on 


ont- 


Spoilage  of  Cured  Meats 

Most  of  till'  cnrccl  moats  are  pork,  altl)Oo!:li  some  cots  (if  lioof  may  lie 
cored  Tlio  inidbitorv  effect  of  oitrates  agaiost  aoaeroi.es  lias  lieeo  oieo- 
tiooed  previooslv,  Tliev  arc  sopposed  to  Idoder  liotli  grmvtli  and  sporr 
lormati.'m  of  miaeroties  Imt  to  favor  aerobes.  It  is  claimed  tba  bv<  m  - 
vlamine  and  l.vdrogen  peroside  prodoce.l  from 

obes  Sodiom  nitnite  is  alleged  to  favor  lactie  acd  bacteria  m  saosag  . 
like  Tboringer  or  Essex  that  support  a  lactic  termeotation. 
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Tlie  load  of  microorganisms  on  the  piece  of  meat  to  be  cured  and  any 
deterioration  that  has  taken  place  will  influence  the  success  of  the  curing 
operation.  Thus  undesirable  changes  in  the  meat  pigments  will  result  m 
a  discolored  cured  product,  incipient  spoilage  will  give  an  inferior  ap¬ 
pearance  and  flavor  to  the  product,  and  large  numbers  of  spoilage  bac¬ 
teria  may  interfere  with  the  cure. 


Fig.  21-2.  Moldy  spoilage  of  wieners.  Observe  how  mold  growth  is  heaviest  where 
wieners  touch.  Some  slimy  bacterial  colonies  also  are  evident. 


Dried  Beef  or  Beef  Hams,  beef  hams  are  made  spongv  by  species  of 
Bacillus,  sour  by  a  variety  of  bacteria,  red  by  Serratia  or  a  red  Bacillus 
species,  and  blue  by  Pseudomonas  sijncijanca,  Pcnicillium  spinulosum 
(purplish),  and  species  of  Rhodotorula  yeasts. 

Gas  in  jars  of  chipped  dried  beef  has  been  attributed  to  a  denitrifving, 
aerobic  organism  that  resembles  Pseudomonas  fluorescens.  The  gases  are 
o.xides  of  nitrogen.  Bacillus  species  have  been  known  to  produce  carbon 
dioxide  in  the  jars. 
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Sausage.  In  encased  sausages  spoilage  microorganisms  may  grow  on 
the  outside  of  the  easing,  between  the  casing  and  meat,  or  in  the  interior. 

Growth  of  organisms  can  take  place  on  the  outside  of  the  casings  only 
if  sufficient  moisture  is  available.  If  moisture  is  plentiful,  micrococci  and 
yeasts  can  form  a  slimy  layer,  as  often  occurs  on  frankfurters  (Figure 
21-1 )  that  have  become  moist  because  of  removal  from  refrigerator  to 


l  ig.  21—3.  Moldy  spoilage  of  sinoketl,  highly  spiced  sausages.  Mold  growth  has  taken 
place  over  the  exposed  surfaces. 


wiirmer  temperatures.  With  less  moisture,  molds  (Figures  21-2,  21-3) 
mav  produce  fuzziness  and  discoloration. 

Growth  between  the  casing  and  the  meat  is  favored  bv'  an  accumula- 
tion  of  moisture  there  during  cooking,  if  the  casing  is  penetrable  to  water. 
Or,  when  twu  casings  are  eitiplox’cd,  the  inner  casing  may  be  xx’ctted  be¬ 
fore  the  outer  casing  is  ajiplied,  entrapping  water  between  the  casings. 
The  slimt'  at  the  surface'  of  the  meat  or  between  the  casings  is  formed 
chie'fly  by  acid-producing  micrococci.  1  lu'  pi'iietrability  of  the  inner  cas¬ 
ing  to  soluble  nutrients  fa\'ors  the  bacti’rial  growth. 
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Various  kinds  of  bacteria  have  been  reported  able  to  grow  within 
sausages  on  long  chilling  storage  or  at  storage  temperatures  above  10.5°C 
(51°F).  Acid-forming  micrococci,  such  as  IMicr'Ococctis  ccindidiis,  may 
grow  in  liver  sausage  and  bologna,  and  species  of  Bacillus  have  been 
found  growing  in  liver  sausage.  Low-temperature  leuconostocs  and  lacto- 
bacilli  (Figure  21-4)  also  can  grow  and  cause  a  souring  that  is  not  en- 


.  \ 

Fig.  21-4.  Lactobacillus  salimandus,  a  meat  lactic.  (Couiiesy  of  J.  R.  Allen.)  0 

couraged  in  most  sausage  but  is  favored  in  certain  varieties,  such  as 
Lebanon,  Thuringer,  and  Essex  sausages.  Fading  of  the  red  color  of  sau¬ 
sage  to  a  chalky  gray  has  been  attributed  to  oxvgen  and  light  and  may 
be  hastened  by  bacteria.  Various  causes  have  been  suggested  for  “chill 
rings,  such  as  oxidation,  the  production  of  organic  acids  or  reducing 
substances  by  bacteria,  excessive  water,  and  undercooking. 

The  greening  of  sausage  may  appear  as  a  green  ring  not  far  from  the 
casing,  a  green  core,  or  a  green  surface.  The  cause  of  greening  is  prob¬ 
ably  the  production  of  peroxides,  e.g.,  hydrogen  peroxide,  by  heterofer- 
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nientative  species  of  lMctoI)aciUiis,  e.g.,  L.  viridcsccns,  and  Leuconostoc 
or  other  catalase-negative  bacteria,  according  to  Niven.  Jensen  states 
that  hydrogen  sulfide  also  may  be  involved.  Greening  is  favored  by  a 
slightly  acid  pH  and  by  the  presence  of  small  amounts  of  oxvgen.  The 
green  ring  below  the  surface  of  large  sausages  or  green  core  in  small 
sausages  develops  within  12  to  36  hr  after  the  sausage  has  been  proc¬ 
essed,  even  under  refrigeration;  it  is  evident  as  soon  as  the  sausage  is 
cut  and  usually  is  not  accompanied  bv  surface  slime.  Bacterial  growth 
and  the  production  of  heat-stable  peroxide  have  taken  place  before  smok¬ 
ing  and  cooking,  and  the  peroxide  continues  to  act  to  produce  greening 
after  the  processing.  Green  cores  in  large  sausage,  e.g.,  big  bologna, 
develo]^  usually  after  4  or  more  davs  of  holding  and  within  1  to  12  hr 
after  slicing,  after  large  numbers  of  causative  bacteria  develop  as  a  result 
of  underprocessing  and  inadecjuate  refrigeration.  Greening  of  a  cut  sur¬ 
face  indicates  contamination  with  and  growth  of  salt-tolerant,  peroxide¬ 
forming  bacteria  ( probablv  lactics )  wliicli  can  grow  at  low  temperatures. 
Surface  sliminess  often  accompanies  the  greening.  The  defect  can  be 
spread  from  sausage  to  sausage. 

Production  of  nitric  oxide  gas  in  sausage  by  nitrate-reducing  bacteria 
has  been  reported.  Unless  the  casing  or  packaging  material  permits  the 
passage  of  carbon  dioxide,  carbon  dioxide  may  accumidate  as  the  result 
of  the  action  of  heterofernumtative  lactics  and  cause  swelling.  This  also 
can  take  place  in  packaged  sliced,  cured  meats,  in  sandwich  spreads,  and 
similar  products  in  plastic  casings  or  packages. 

Bacon.  Since'  the  parts  of  the  hog  used  for  bacon  and  the  curing  proc¬ 
esses  varv  in  different  parts  of  the  world,  the  types  of  spoilage  and  the 
organisms  concerned  also  varv.  The  bellies  employed  in  the  American 
process  usuallv'  are  sidiject  to  little  change  and  are  rt'ported  to  emerge 
from  the  smokehouse  comparativ-elv  free  from  molds  and  yeasts  and  low 
in  bacteria.  Bt'cause  of  its  salt  tolerance  and  ability  to  grow  at  low  tem¬ 
peratures,  Streptococcus  faecaUs  often  is  present.  Molds  are  the  chief 
spoilage  organisms  on  the  cured  bacon,  ('specially  on  the  sliced,  packagc'd 
bacon  (Figure  21-5)  when  it  is  stored  in  the  home  refrigerator.  Most 
trouble  is  encountered  in  late  summer  and  early  fall  with  species  of 
AsperoUIus,  Alternaria,  Monilia,  Oidiuin,  Fusarium,  Mucor,  Rhizopus, 
Botriftis,  and  Penicillium.  Few  microbiological  problems  are  encountered 
with  dry-salt  bellies  and  Oxford-style  bellies.  Any  rancidity  that  develops 
usuallv  is  due  to  chemical  changes.  Sliced  bacon  may  be  deteriorati'd  by 
oxidizing  and  lipolvtic  bacteria  on  long  storage,  although  chemical  oxi¬ 
dation  also  may  take  place.  Oxidizing  and  sulfide-forming  bacteria  also 
may  be  concermxl  in  producing  a  poor  color  in  the  flesh  part  of  bacon, 
although  wrong  concentrations  of  nitrite  are  more  often  r('sponsible,  and 
chromogenic  bacteria  may  cause  discolored  areas.  A  yellouish-brouai 
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discoloration,  sliowing  the  presence  of  tyrosine,  has  been  blamed  on 
proteolytic  bacteria.  Giiinminess  of  pickle  and  bellies,  now  uncommon 
results  from  the  formation  of  gum  by  any  of  a  large  number  of  species  of 

bacteria  and  yeasts.  ,  ,  .  ,  i  u 

■\n  extensive  study  of  the  bacteriology  of  Wiltshire  bacon  has  been 

made  in  Canada  by  Gibbons  and  White.'  In  the  manufacture  of  this 


Fig.  21-5.  Moldy  spoilage  of  .sliced  haeon. 


bacon,  the  sides  of  the  hog  are  cured  in  a  very  concentrated  brine  for  a 
short  period  (6  to  8  days)  at  a  low  temperature  (3.3  to  4.5°C,  or  37.9 
to  4().1°F),  permitting  the  growth  of  only  psychrophilic,  salt-tolerant 
bacteria.  Little  growth  takes  place  in  the  curing  pickle,  but  marked  in¬ 
creases  in  bacteria  take  place  on  the  sides  of  iw;  *i,  sometimes  enough 
to  give  slimincss  to  the  surface.  Visible  growth  or  slime  usually  appears 
when  the  count  is  over  71, 500, 000  per  square  centimeter.  Micrococci  are 
most  common  in  the  brine,  but  other  organisms,  unable  to  grow  in  the 

'  N.  E.  Cdhhons,  Canad.  J.  Research,  18D:  191-201,  202-210  (1940);  N.  E.  Cdb- 
bons  and  W.  H.  White,  19D;  61-74,  104-111  (1941). 
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cold  brine,  may  grow  before  brining  or  during  the  storage  of  the  pickled 
sides  after  baling. 

Ham.  The  term  “souring,”  as  used  for  the  spoilage  of  hams,  covers  all 
important  types  of  spoilage,  from  a  comparatively  nonodorous  proteolysis 
to  genuine  putrefaction  with  its  verv  obnoxious  odors  of  mcrcaptans, 
hydrogen  sulfide,  amines,  indole,  etc.,  and  may  be  caused  by  a  large 
variety  of  psychrophilic,  salt-tolerant  bacteria.  Jensen  lists  a  number  of 
genera,  species  of  w^hich  may  cause  souring:  Achromohacfer,  Bacillus, 
Pseudomonas,  Lactobacillus,  Proteus,  Serratia,  Bacterium,  Micrococcus, 
Cdostridium,  and  others,  as  vv^ell  as  some  unnamed,  hydrogen  sulfide-pro¬ 
ducing  streptobacilli  that  cause  flesh-souring  of  ham.  The  tvpes  of  sour¬ 
ing  are  classified  according  to  their  location  as  sours  of  shank  or  tibial 
marrows,  body  or  meat,  aitchbone,  stifle  joint,  body-bone  or  femur  mar¬ 
row,  and  butt.  “Puffers,”  or  gassy  hams,  are  not  encountered  commerciallv 
but  occur  occasionally  vv'hen  inexpert  curing  is  done. 

When  the  long  cure  was  used  on  hams,  putrefaction  by  Clostridium 
ptitrefaciens  vv'as  more  common.  This  organism  is  able  to  grow  at  near¬ 
freezing  temperatures  and  will  begin  growth  even  when  the  ideal  rate 
of  chilling  of  the  ham  is  emplov'cd.  Manv  of  the  bacteria  causing  souring 
cannot  initiate  growth  under  these  conditions  but  must  get  started  at 
higher  temperatures  to  be  able  to  grow^  at  the  low^  ones.  Thus  spoilage 
of  southern  coimtrv-stv  le  hams,  chieflv^  loin  or  flesh  sours,  has  been  found 
to  be  proteolvtic,  putrefactive,  or  ev^en  gassy,  as  the  result  of  localized 
growth  of  various  species  of  Clostridium.  Presumablv  these  bacteria  grow 
before  or  after  the  curing  process  and  are  not  inhibited  much  by  the 
strengths  of  curing  solutions  empkwed. 

The  present  method  for  curing  hams  by  the  fjuick-curing  method,  in 
which  the  curing  solution  is  pumped  into  the  ham  by  w^ay  of  the  veins, 
has  reduced  mei^dv  the  incidence  of  souring.  The  reduction  of  bacterial 
contamination  and  growth  by  proper  slaughter  and  bleeding  of  hogs, 
adequate  refrigeration,  sealing  of  the  marrows  by  sawing  in  the  right 
places,  prompt  handling,  use  of  bacteriologically  satisfactory  pickling 
solution,  and  good  over-all  sanitation,  all  hav'e  helped  reduce  the  amount 
of  souring.  The  reader  should  turn  to  the  “Microbiologv'  of  Meats  by 
L.  B.  Jensen  for  a  more  detailed  discussion  of  the  spoilage  of  ham. 

Tenderized  hams  are  rcallv  precooked  and  are  given  a  mild  cure.  Such 
hams  are  perishable  and  should  be  protected  from  contamination  and 
shotdd  be  refrigerated  during  storage  to  prevent  their  deterioration  by 
microorganisms.  Improperlv  handled  tenderized  hams  may  be  spoiled 
by  any  of  the  common  meat-spoilage  bacteria,  among  which  Lschcrichia 
roll,  Proteus  spp.,  and  food-poisoning  staphylococci  {Staphylococcus 
aureus  or  Micrococcus  pyogenes  var.  aureus)  have  been  reported. 

Spoilage  of  Packaged  Meats.  Vacuum-packed,  sliced,  cured  me.its 
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stored  at  ref ri iterator  temperatures  are  spoiled  primarily  by  lactic  acid 
bacteria,  which  in  time  produce  slime  and  at)'pical  flavors.  Presuma  d  y 
these  bacteria  are  chiefly  lactobacilli  and  leuconostocs.  Packaged  fresh 
meats  are  spoiled,  usually  by  Pseudomonas  or  Achromobacter  species,  at 
a  rate  that  depends  upon  the  refrigeration  temperature  and  the  type  of 
iiackaging  film  employed. 

Curing  Solutions  or  Pickles.  Spoilage  of  the  pickle  or  curing  solution 
for  ham  or  other  cured  meats  is  likely  in  the  presence  of  available  sugar 
and  a  pH  well  above  6.0.  Ropiness,  due  to  encapsulated  bacteria,  such 

as  Micrococcus  lipolijficus,  is  a  common  defect. 

Turbid  and  ropy  vinegar  pickles  about  pigs’  feet  or  sausages  are  caused 
chiefly  by  lactic  acid  bacteria  from  the  meats,  although  yeasts  may  be 
responsible  for  cloudiness.  Black  spots  on  pickled  pigs’  feet  may  be 
caused  by  hydrogen  sulfide-producing  bacteria,  and  gas  in  vinegar 
pickles  may  come  from  heterofermentative  lactic  acid  bacteria  oi  yeasts. 
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Like  meat,  fish  and  other  seafood  may  he  spoiled  hv  autolysis,  oxida¬ 
tion,  or  bacterial  activity,  or  most  commonlv  hv  combinations  of  these. 
Most  fish  flesh,  however,  is  considered  more  perishable  than  meat  be¬ 
cause  of  more  rapid  autolysis  by  the  fish  enzymes  and  because  of 
the  less  acid  reaction  of  fish  flesh  that  favors  microbial  growth.  Also 
many  of  the  fish  oils  seem  to  be  more  susceptible  to  oxidative  de¬ 
terioration  than  most  animal  fats.  The  experts  agree  that  the  bacterial 
spoilage  of  fish  does  not  begin  until  after  r/gor  mortis,  when  juices  are 
released  from  the  flesh  fibers.  Therefore,  the  more  this  is  delayed  or 
protracted,  the  longer  will  be  the  keeping  time  of  the  fish.  Rigor  mortis 
is  hastened  by  struggling  of  the  fish,  lack  of  oxygen,  and  a  warm  temper¬ 
ature,  and  is  delayed  by  a  low  pH  and  adecpiate  cooling  of  the  fish.  The 
pfi  of  the  fish  flesh  has  an  important  influence  on  its  perishability,  not 
only  because  of  its  effect  on  rigor  mortis,  but  also  because  of  its  influence 
on  the  growth  of  bacteria.  The  lower  the  pH  of  the  fish  flesh,  the  slower 
in  general  will  be  bacterial  decomposition.  The  lowering  of  the  pH  of 
the  fish  flesh  results  from  the  conversion  of  muscle  glycogen  to  lactic 
acid. 


FACTORS  INFLUENCING  KIND  AND  RATE  OE  SPOILAGE 

The  kind  and  rate  of  spoilage  of  fish  will  vary  with  a  number  of 
factors: 

1.  The  kind  of  fish.  The  various  kinds  of  fish  differ  considerably  in 
their  perishability.  Thus  some  flat  fish  spoil  more  readily  than  round  fish 
because  they  pass  through  rigor  morti^  more  rapidly,  but  a  flat  fish  like 
the  halibut  keeps  longer  because  of  the  low  pH  (o.o)  of  its  flesh.  Certain 
fatty  fish  deteriorate  rapidly  because  of  oxidation  of  the  unsaturated  fats 
of  their  oils.  Fishes  high  in  trimethylamine  oxide  soon  yield  appreciable 
amounts  of  the  “stale-fishy”  trimethylamine. 
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2.  The  condition  of  the  fish  wlien  caiiglit.  Fish  that  are  exhausted  as 
the  result  of  struggling,  lack  of  oxygen,  and  excessive  handling  spoil  more 
rapidly  than  those  brought  in  with  less  ado,  probably  because  of  the  ex¬ 
haustion  of  glycogen  and  hence  smaller  drop  in  pH  of  the  flesh.  Feedy 
fish,  that  is,  those  full  of  food  when  caught,  are  more  perishable  than 
those  with  an  empty  intestinal  tract. 

3.  The  kind  and  extent  of  contamination  of  the  fish  flesh  with  bacteria. 
These  may  come  from  mud,  water,  handlers,  and  the  exterior  slime  and 
intestinal  content  of  the  fish  and  are  supposed  to  enter  the  gills  of  the 
fish,  from  which  they  pass  through  the  vascular  system  and  thus  invade 
the  flesh,  or  to  penetrate  the  intestinal  tract  and  thus  enter  the  body 
cavitv.  Even  then,  growth  probablv  is  localized  for  the  most  part,  but 
the  products  of  bacterial  decomposition  penetrate  the  flesh  fairly  rapidly 
by  diftusion.  In  general,  the  greater  the  load  of  bacteria  on  the  fish,  the 
more  rapid  will  be  the  spoilage.  This  contamination  may  take  place  in 
the  net  (mud),  in  the  fishing  boat,  on  the  docks,  or,  later,  in  the  plants. 
Fish  in  the  “round,”  that  is,  not  gutted,  have  not  had  the  flesh  contami¬ 
nated  with  intestinal  organisms,  but  it  may  become  odorous  because 
of  decay  of  food  in  the  gut  and  diffusion  of  decomposition  products 
into  the  flesh.  This  process  is  hastened  by  the  digestive  enzymes  at¬ 
tacking  and  perforating  the  gut  wall  and  the  belly  wall  and  viscera, 
which  in  themselves  have  a  high  rate  of  autolysis.  Gutting  the  fish  on 
the  boat  spreads  intestinal  and  surface  slime  bacteria  over  the  flesh, 
but  thorough  washing  will  remove  most  of  the  organisms  and  ade¬ 
quate  chilling  will  inhibit  the  growth  of  those  left.  Any  damage  to 
skin  or  mucous  membranes  will  harm  the  keeping  quality  of  the 
product. 

4.  Temperature.  Chilling  of  the  fish  is  the  most  commonly  used  method 
for  preventing  or  delaying  bacterial  growth  and  hence  spoilage  until  the 
fish  is  used  or  is  otherwise  processed.  The  cooling  should  be  as  rapid  as 
possible  to  32  to  30°F  (0  to  — 1°C),  and  this  low  temperature  should  be 
maintained.  Obviously,  the  warmer  the  temperature,  the  shorter  will  be 
the  storage  life  of  the  fish.  Prompt  and  rapid  freezing  of  the  fish  is  still 
more  effective  in  its  preservation. 


EVIDENCES  OF  SPOILAGE 

Since  the  change  is  gradual  from  a  fresh  condition  to  staleness  and 
then  to  inedibility,  it  is  difficult  to  determine  or  agree  on  the  first  ap¬ 
pearance  of  spoilage.  A  practical  test  to  determine  the  qualitv  of  fish 
has  been  sought  for  many  years,  but  none  has  proved  entirelv  satisfac¬ 
tory.  A  chemical  test  for  trimethylamine  is  backed  by  most  workers  for 
use  on  salt-water  fish,  although  some  support  other  methods,  such  as  an 
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estimate  of  N'olatile  acids,  or  a  test  for  pH,  livdrogen  sulfide,  ammonia, 
etc.  Bacteriological  tests  are  too  slow  to  be  useful. 

Keay  and  Shewan,  in  a  review  cited  at  the  end  of  this  chapter,  describe 
the  succession  of  external  changes  in  a  fish  as  it  spoils  and  finally  be¬ 
comes  “putrid.”  The  liright,  characteristic  colors  of  the  fish  fade,  and 
dirty,  yellow,  or  browm  discolorations  appear.  The  slime  on  the  skin  of 
the  fish  increases,  especially  at  the  flaps  and  gills.  The  eyes  gradually 
sink  and  shrink,  the  pupil  becoming  cloudv  and  the  cornea  opacjue.  The 
gills  turn  a  light-pink  and  finally  grayish-yellow  color.  Most  marked  is 
the  softening  of  the  flesh,  so  that  it  exudes  juice  \\  hen  stjueezed  and  be¬ 
comes  easily  indented  by  the  fingers.  The  flesh  is  easily  stripped  from 
along  the  backbone,  where  a  reddish-brown  discoloration  develops  to¬ 
ward  the  tail  and  is  a  result  of  the  oxidation  of  hemoglobin. 

Meanwhile  a  secpience  of  odors  is  evolved:  first  the  normal,  fresh,  sea- 
weedy  odor,  then  a  sickly  sweet  one,  then  a  stale-fishv  odor  due  to  tri- 


metln  lamine.  followed  by  mnmoniacal  and  final  putrid^Klors,  due  to 
hydrogen  sulfide,  indole,  aim  other  malodorous  impounds.  Path'  fish 
aT^  may  sh?)w  flTncid  odors.  Cookmg  will  bring  out  the  odorsmore 
strbrlgly.  - — ' 


BACTERI.\  C.AUSING  SPOILAGE 

The  bacteria  most  often  in\  oh  ed  in  the  spoilage  of  fish  are  part  of  the 
natural  flora  of  the  external  slime  of  fishes  and  their  intestinal  contents. 
The  predominant  kinds  of  bacteria  causing  spoilage  vary  with  the  tem¬ 
peratures  at  which  the  fish  are  held,  but  at  the  chilling  tem]ieratures 
usually  emploved,  species  of  Pseudomonas  or  Achromohcu^er  are  most 
likelv  to  predominate,  with  Flavohacf^rium  species  next  in  order  of  im¬ 
portance.  Appearing  less  often,  and  then  at  higher  temperatures,  are  bac¬ 
teria  of  the  genera  Micrococ^s  and  Bac'dln^.  Reports  in  the  literature 
list  other  genera  as  having  species  involv'cd  in  fish  spoilage,  such  as 
F.scJiericfiia^  Proteus,  Serratia,  Sarcina,  and  Clostridium.  Most  of  these 
vv’ould  grow'  onlv'  at  ordinaiw  atmospheric  temperatures  and  probably 
would  do  little  at  chilling  temperatures. 


GENERAL  TYPES  OF  SPOILAGE 

There  is  a  ipiestion  as  to  whether  fish  really  putrefy  or  not.  The  answer 
depends  upon  the  definition  of  putrefaction.  C’ertainly  the  spoilage  ot 
fish  usuallv  results  in  bad  odors,  although  in  the  early  part  of  the  spoilage 
they  are  due  j^rimarilv  to  trimethvlamiiie  and  odier  amiiK*^  aiid-;unm(Hjiit. 
Hydrogen  sid fide  and  indole  may  appear  later  during  spoilage.  1  herefore. 
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many  workers  say  that  fish  undergo  proteolysis  but  do  not  often  putrefy. 
A  musty  or  muddy  odor  and  taste  of  fish  has~  been  attributed^to  the 
grow  th  of  Strcytomuces  species  in  the  mud  at  the  bottom  of  the  body  of 
w'ater  and  the  al^sorption  of  the  flavor  by  the  fish. 

As  has  been  indicated,  discolorations  of  the  fish  flesh  may  occur  during 
spoilage;  yellow^  to  greenish-yellow^  colors  caused  by  PsTitdomomis^fl^- 
rescens,  yellow^  micrococci,  and  others;  red  or  pink  colors  from  growth 
■elrSarcina,  Micrococcus,  or  Bacillus  species,  or  by  molds  or  yeasts;  and 
a  chocolate-brow  n  color  by  an  asporogenous  yeast.  Pathogens  parasitizing 
the  fish  may  produce  discolorations  or  lesions. 


SPOILAGE  OF  SPECIAL  KINDS  OF  FISH  AND  SEAFOOD 

The  previous  discussion  has  been  limited  for  the  most  part  to  the 
spoilage  of  fish  preserved  by  chilling.  Salt  fish  are  spoiled  by  salt-tolerant 

or  halophilic  bacteria  of  the  genera  Scrratia _ M i crococcus.  Bacillus, 

Achromohacter,  Pseudomonas,  and  others,  w'hich  often  cause  discolor¬ 
ations,  a  red  color  being  common.  Molds  are  the  chief  spoilage  organisms 
on  smoked^^h.  Marinated  (sour  pickled)  fish  should  present  no  spoilage 
problems  unless  the  acid  content  is  low'  enough  to  permit  growth  of  lactic 
acid  bacteria,  or  the  entrance  of  air  permits  mold  growth.  Frozen  fish, 
too,  should  present  no  bacteriological  problems  after  freezing,  but,  of 
course,  their  quality  depends  on  w'hat  has  happened  to  the  fish  prior  to 
freezing.  The  spoilage  of  canned  fish  and  other  seafood  wall  be  discussed 
in  Chapter  26. 

Shellfish,  including  oysters,  clams,  crabs,  lol^ters,  shrimp,  etc.,  are 
subject  in  general  to  types  of  spoilage  similar  to  those  for  fish.  Species 
of  Flavohacter-iuiu,  P seudomonas,  and  Bacillus -hiive  been  incriminated 
in  tbe  spoilage  orra\^obsters  and  of  Froteus,  Pseuchmonas,  and  Fkivo- 
bacfei ium  in  the  spoilage  of  crabs  and  crab  meat.  Undoubtedly  Achromo¬ 
hacter  also  is  inv'oh  ed  in  the  deterioration  of  uncooked  lobsters  and  crabs 
and  in  the  spoilage  of  raw'  shrimpL-^^^ 

Oysters  remain  in  good  condition  as  long  as  they  are  kept  alive  in  the 
shell  at  chilling  temperature,  but  they  decompose  nipidly  w'hen  they  are 
dead,  as  m  shuckj^  oysters.  The  type  of  spoilage  of  the  shucked  oysters 
depends  upon  the  temperature  at  wTich  they  are  stored.  Ovsters  are  not 
only  high  in  protein  but  also  contain  sugars  w'hich  result  from  the 
hydrolysis  of  glyco^gpHUAl  temperatures  near  freezing.  Pseudomonas  or 
Achromohacter  species  are  the  most  important  spoilage  bacteria,  but 

lavohacterium  and  Micrococcus  species  also  mav  grow'.  The  spoilage  is 
termed  souring”  although  the  changes  are  chiefly  proteolytic.  At  higher 
temperatures  the  “souring”  may  be  the  result  of  the  fermentation  of  the 
sugars  by  coliform  bacteria,  streptococci,  lactobacilli,  and  yeasts  to  pro- 
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tliice  acitls  and  a  sour  odor.  An  iincoininon  type  of  spoilage  by  an 
asporogenous  yeast  causes  pink  oysters. 
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CHAPTER  23  Spoilage  of  Eggs  and  Poultry 


That  the  egg  or  the  dressed  fowl  soon  becomes  contaminated  witli  spoil¬ 
age  organisms  has  been  noted  previously.  Both  are  good  cidture  media 
for  microorganisms  and  will  undergo  spoilage  unless  it  is  prevented  by 
some  preservative  method. 

EGGS 

Some  of  the  defects  of  eggs  are  obvious  from  their  general  appear¬ 
ance,  others  are  shown  bv  “candling”  witli  transmitted  light,  and  some 
show  up  only  in  the  broken  egg. 

Defects  in  the  Fresh  Egg 

Fresh  eggs  may  exhibit  cracks,  leaks,  loss  of  bloom  or  gloss,  or  stained 
or  dirty  spots  on  the  exterior,  or  “meat  spots”  (blood  clots),  general 
bloodiness,  or  translucent  spots  in  the  volk  when  candled.  Of  these,  anv 
breaks  in  the  shell  or  dirt  on  the  egg  will  favor  spoilage  on  storage, 

Changes  during  Storage 

The  changes  that  take  place  in  eggs  while  thev  are  being  held 
or  stored  may  be  divided  into  those  due  to  nonmicrobial  causes  and 
those  resulting  from  the  growth  of  microorganisms. 

Changes  Not  Due  to  Microorganisms.  Untreated  eggs  lose  moisture 
during  storage  and  hence  lose  weight.  The  amount  of  shrinkage  is  shown 
to  the  candler  by  the  size  of  the  air  space  or  air  cell  at  the  blunt  end  of 
the  egg,  a  large  cell  indicating  much  shrinkage.  Of  more  importance 
is  the  change  in  the  physical  state  of  the  contents  of  the  egg,  as  shown 
by  candling  or  by  breaking  out  the  egg.  The  white  of  the  egg  becomes 
thinner  and  more  watery  as  the  egg  ages  and  the  yolk  membrane  be¬ 
comes  weaker.  The  poorer  the  egg,  the  more  movement  there  is  of  the 
yolk  and  the  nearer  it  approaches  the  shell  when  the  egg  is  twirled  dur¬ 
ing  candling.  When  an  old  egg  is  broken  onto  a  flat  dish  the  thinness  of 
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the  white  is  more  evident,  and  tlie  weakness  of  the  yolk  membrane  per¬ 
mits  the  yolk  to  flatten  out  or  even  break.  By  contrast,  a  broken  fresh  egg 
woidd  show  a  thick  white  and  a  yolk  that  stands  up  strongly  in  the  form 
of  a  hemisphere.  During  storage,  the  alkalinity  of  the  white  of  the  egg 
increases  from  a  normal  pH  of  about  7.6  to  about  9.5.  Any  marked 
growth  of  the  chick  embryos  in  fertilized  eggs  also  serves  to  condemn 
the  eggs. 

Changes  Due  to  Mieroorganisms.  In  order  to  cause  spoilage  of  an  un¬ 
damaged  shell  egg  the  causal  organisms  must  do  the  following:  (1) 
They  must  contaminate  the  shell.  As  indicated  in  Chapters  5  and  15, 
the  source  of  the  contamination  may  be  fecal  matter  from  the  hen,  soil, 
the  nest,  and  water  or  detergent  solution  used  in  washing  the  egg.  (2) 
They  must  penetrate  the  pores  of  the  shell  to  the  shell  membrane.  This 
is  likely  to  happen  if  the  egg  shell  is  moistened.  (3)  Thev  must  grow 
through  the  shell  membrane  to  reach  the  white,  a  process  tliat  ma\'  take 
several  weeks  at  low  temperatures.  (4)  Thev  must  be  able  to  grow’  in 
the  egg  wdiite,  despite  its  alkalinitv  and  its  content  of  the  antibacterial 
substance,  Ivsozvme,  and  other  inhibitors.  Eventuallv  thev  w’ould  reach 
the  yolk,  a  much  better  culture  medium  for  bacteria,  where  thev  w'ould 
flourish.  The  special  set  of  en\’ironmental  conditions,  the  selectiv’e  egg- 
wdiite  medium,  and  the  low^  temperature  of  about  ()°C  (32°F)  combine 
to  limit  the  number  of  kinds  of  bacteria  and  molds  that  can  cause  spoil¬ 
age  chiefly  to  those  to  be  mentioned. 

In  general,  more  spoilage  of  eggs  is  caused  bv  bacteria  than  by  molds. 
The  tvpes  of  bacterial  spoilage,  or  “rots,”  of  eggs  go  bv  different  names. 
Scott  and  his  cow’orkers  list  five  groups  of  rots  that  are  found  in  .\us- 
tralian  eggs  for  export.  Among  the  three  chief  ones  are  the  green  rots, 
caused  chieflv  bv  Pseudomonas  jhioreseens,  a  bacterium  that  grows  at 
0°C  (32°F);  the  rot  is  so  named  because  of  the  bright-green  color  of 
the  white  during  earlv  stages  of  development.  This  stage  is  noted  with 
difficultv  in  candling,  but  show’s  up  clearly  w’hen  the  egg  is  broken. 
I.,ater  the  volk  mav  disintegrate  and  blend  with  the  white  so  as  to  mask 
the  iireen  color.  Odor  is  lackimi  or  is  fruitv  or  “sw’ectish.”  The  contents 
of  eggs  so  rotted  fluoresce  strongly  under  ultraviolet  light.  A  second 
important  group  of  rots  are  the  colorless  rots,  which  may  be  caused  by 
Pseudomonas,  Achromohaeter,  certain  coliform  bacteria,  or  other  types 
of  bacteria.  These  rots  are  detected  readily  by  candling,  for  the  yolk 
usuallv  is  inv’olved,  except  in  very  early  stages,  and  disintegrates  or  at 
least  show's  a  white  incrustation.  The  odor  varies  from  a  scarcely  de¬ 
tectable  one  to  friiitv'  to  “highlv’  offensiv’e.”  The  third  important  group 
of  rots  are  the  black  rots,  where  the  eggs  are  almost  opa<juc  to  the  can¬ 
dling  lamp  because  the  volks  become  blackened  and  then  break  down 
to  give  the  whole  egg  conhMits  a  muddv-brown  color.  1'he  odor  is  putrid, 
with  hvdrogen  sulfid('  evident,  and  gas  jn’t'ssure  may  develop  in  the  t‘gg. 
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Species  of  Proteus  most  commonly  cause  these  rots,  although  some 
species  of  Pseudomonas  can  cause  black  rots.  Proteus  melanovogenes 
causes  an  especially  black  coloration  in  the  yolk  and  a  dark  color  in  the 
white.  The  development  of  black  rot  and  of  red  rot  usually  means  that 
the  egg  has  at  some  time  been  held  at  temperatures  higher  than  those 
ordinarily  used  for  storage.  Pink  rots  occur  less  often,  and  red  rots  are 
still  more  infrequent.  Pink  rots  are  caused  by  strains  of  Pseudomonas  and 
may,  at  times,  be  a  later  stage  of  some  of  the  green  rots.  They  resemble 
the  colorless  rots,  except  for  a  pinkish  precipitate  on  the  yolk  and  a  pink 


Fig.  23-1.  Black  rot  of  egg,  caused  by  Proteus  melanovogenes.  (From  R.  B.  Haines, 
Microbiology  in  the  Preservation  of  the  Hen’s  Egg,  Gt.  Brit.,  Dept.  Sci.  Ind.  Re¬ 
search,  Food  Invest.  Special  Rept.  47,  1939.  Reproduced  by  permission  of  Her 
Britannic  Majesty’s  Stationery  Office.) 

color  in  the  white.  Red  rots,  caused  by  species  of  Serratia,  are  mild  in 
odor  and  not  offensive. 

The  Haines  grouping  of  bacterial  rots  of  eggs  is  similar  for  the  most 
part,  although  he  divides  the  black  rots  into  two  types:  Type  I  (Figure 
23-1),  caused  by  species  of  Proteus,  such  as  Proteus  melanovogenes,  to 
give  gas,  a  hard,  black,  solid  yolk  and  li(|uefied  white  that  may  be  murky 
or  greenish-brown;  and  Type  II,  caused  primarily  by  species  of  Pseudo¬ 
monas,  where  the  white  is  liejuefied  and  is  fluorescent-green  or  greenish- 
brown  in  color  and  the  yolk  is  a  soft,  greenish-black  mass.  Type  I  has  a 
fecal  odor  and  Type  II  a  cabbage-water  smell.  Haines  did  not  describe 
the  colorless  rots. 

Florian  and  Trussell  have  listed  rots  by  ten  different  species  of  the 
genera  I  seudomonas,  Alcaligenes,  Proteus,  Plavohactcrium,  and  Para- 
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colohactrum.  These  rots  have  been  characterized  as  fluorescent,  green 
and  yellow,  custard,  black,  red,  rusty  red,  colorless,  and  mixed.  These 
authors  also  list  secondary  invaders  in  the  genera  Achromohacter,  Aero- 
hacter,  Alcaligenes,  Escherichia,  Flavohacterium,  and  Paracolohactrum. 
These  bacteria  could  grow  in  the  egg  but  not  initiate  penetration. 

The  spoilage  of  eggs  by  fungi  goes  through  stages  of  mold  growth 
that  give  the  defects  their  names.  \’^erv  earlv  mold  growth  is  termed 
pin-spot  molding  because  of  the  small,  compact  colonies  of  molds  ap¬ 
pearing  on  the  shell  and  usuallv  just  inside  it.  The  color  of  these  pin  spots 
varies  with  the  kind  of  mold:  PeniciUitim  species  cause  vellow  or  blue  or 
green  spots  inside  the  shell,  Cladosporium  species  give  dark-green  or 
black  spots,  and  species  of  Sporotrichum  produce  pink  spots.  In  storage 
atmospheres  of  high  humiditv  a  varietv  of  molds  may  cause  siijierficial 
fungal  spoilage,  first  in  the  form  of  a  fuzz  or  “whiskers”  covering  the 
shell  and  later  more  luxuriant  growth.  When  the  eggs  are  stored  at  near¬ 
freezing  temperatures,  as  they  usually  are,  some  molds  find  the  tempera¬ 
ture  high  enough  for  slow  mycelial  growth  but  too  low  for  sporulation, 
while  others  may  produce  asexual  spores.  Molds  causing  moldiness  of 
eggs  include  species  of  PcniciUium,  Cladosporium,  Sporotrichum,  Miicor, 
Thamnidiurn,  Botripis,  Alternaria,  and  other  genera.  The  final  stage  of 
spoilage  bv  molds  is  fungal  rotting,  after  the  mycelium  of  the  mold  has 
grown  through  the  pores  or  cracks  in  the  egg.  Jellying  of  the  white  may 
result,  and  colored  rots  mav  be  produced,  e.g.,  fungal  red  rot  by  Sporo¬ 
trichum  and  a  black  color  by  Cladosporium,  the  cause  of  “black  spot” 
of  oggs^  well  as  of  other  foods.  The  hyphae  of  the  mold  may  weaken 
the  yolk  membrane  enough  to  cause  its  rupture,  after  which  the  growth 
of  the  mold  is  stimulated  greatly  by  the  food  released  from  the  yolk. 

01f-fla\’ors  sometimes  are  developed  in  eggs  with  little  other  outward 
ev'idence  of  spoilage.  Thus  mustiness  may  be  caused  by  any  of  a  number 
of  bacteria,  such  as  AchromoJjacter  pcrolcus.  Pseudomonas  graveolcus, 
and  Pseudomonas  mucidolcns.  The  growth  of  Strcptomifccs  on  straw  or 
elsewhere  near  the  egg  niay  produce  musty  or  earthy  flavors  that  are 
absorbed  by  the  egg.Molds  growing  in  the  shell  also  give  mustx'  odors 
and  tastes.  A  hay  odor  is  caused  by  Aerohacter  cloacae,  while  fishy  flavors 
are  produced  by  certain  strains  of  Escherichia  coli.  The  “cabbage-water” 
flavor  mentioned  in  connection  with  Type  IT  of  the  black  rots  of  llaines 
may  appear  before  rotting  is  obvious.  Off-flav’ors,  such  as  the  cold 
storage  taste,”  may  be  absorbed  from  packing  materials. 


POITTRY 

Poultry  dressed  in  different  wavs  is  contaminated  to  a  different  extent, 
as  has  been  mentioned  in  Chapter  15.  New  York  dressed  poultry,  which 
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is  not  eviscerated,  does  not  become  contaminated  with  intestinal  bacteria 
like  drawn  birds,  but  is  subject  to  the  development  of  visceral  taints, 
which  are  ofl-flav'ors  from  internal  organs.  The  type  of  feed  given  the 
fowls  before  slaughter  may  have  an  influence  on  the  development  of 
visceral  taints;  there  is  less  taint,  for  example,  with  a  buttermilk  ration. 
.Although  methods  of  management  of  the  birds  prior  to  dressing  influence 
the  kinds  and  numbers  of  bacteria  on  the  skin  at  the  moment  of  diessing, 
these  ante-mortem  conditions  are  not  as  important  as  the  post-moitem 
conditions  in  delaying  or  preventing  spoilage. 

While  the  enzymes  of  the  fowl  contribute  to  the  deterioration  of  the 
dressed  bird,  bacteria  are  the  chief  cause  of  spoilage,  with  the  intestines 
a  primary  source  of  these  organisms.  The  limited  amount  of  work  done 
on  the  bacterial  spoilage  of  poultry  has  indicated  that  most  of  the  bac¬ 
terial  growth  takes  place  on  the  surfaces,  that  is,  the  skin,  the  lining  of 
the  body  cavitv,  and  any  cut  surfaces,  and  the  decomposition  products 
diffuse  slowlv  into  the  meat.  A  surface  odor  has  been  noted  when  the 
bacterial  count  on  the  skin  was  about  2,500,000  per  Sfjuare  centimeter. 
This  took  about  4  weeks  at  32°F  (0°C)  and  5  weeks  at  30°F  ( — 1.1°C) 
in  one  set  of  experiments.  Species  of  Achromohacter,  Flavobacteriiim, 
and  Micrococcus  were  prominent. 

Eviscerated,  cut-up  poultrv,  which  is  iced  before  its  sale,  de\’elops  a 
slime  that  is  accompanied  by  an  odor  described  as  “tainted,”  “acid,” 
“sour,”  or  “dish-ragg)^”  This  defect  has  been  found  to  be  due  chiefly  to 
species  of  Pseudomonas,  although  Alcaligencs  also  mav  be  important. 
Similar  bacteria  apparently  grew,  whether  the  temperature  was  as  low 
as  32°F  (0°C)  or  as  high  as  50°F  (10°C),  and  enormous  numbers  had 
to  be  present,  about  per  square  centimenter,  before  the  odor  became 
evident. 

Experiments  have  shown  that  growth  of  spoilage  bacteria  is  most  rapid 
on  the  skin,  less  rapid  in  dark  meat,  and  slowest  in  the  white  meat,  which 
is  the  most  acid. 

Studies  on  the  spoilage  of  poultry  treated  with  chlortetracycline  or 
other  antibiotics  have  indicated  (1)  that  bacteria  resistant  to  the  anti¬ 
biotic  tend  to  build  up  in  numbers  in  the  processing  plant  and  hence 
in  the  poultry,^  (2)  that  resistant  yeasts  and  molds  mav  be  numerous 
at  the  time  of  spoilage,-  and  (3)  that  the  deterioration  in  ttax'or  of  poultry 
treated  with  chlortetracycline  appears  to  proceed  at  about  the  same  rate 
as  in  untreated  poultry,^  although  the  antibiotic  inhibits  bacterial  growth. 

H.  Ng,  R.  H.  Vaughn,  G.  F.  Stewart,  C.  W.  Nagel,  and  K.  Simpson,  Ann/.  Micro- 
/un/.,  5:  331-333  (1957).  i  ’  // 
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CHAPTER  24  Spoilage  of  Milk  and  Milk  Products 


'^It  has  been  pointed  out  in  Chapter  16  that  milk  and  products  made  from 
it  may  be  preseiN  ed  in  a  number  of  different  ways,  some  of  which  in¬ 
volve  killing  onlv  part  of  the  microorganisms  present  and  inhibiting  the 
growth  of  the  remainder.  Some  of  these  products,  therefore,  have  only  a 
limited  keeping  time,  and  many  of  them  spoil  readily  if  the  methods  of 
preservation  are  inadequate. 


MILK  AND  CREAM 

Milk  is  an  excellent  culture  medium  for  many  kinds  of  microorganisms, 
for  it  is  high  in  moisture,  nearly  neutral  in  pH,  and  rich  in  microbial 
foods.  A  plentiful  supply  of  food  for  energy  is  present  in  the  form  of 
milk  sugar  (lactose),  butterfat,  citrate,  and  nitrogenous  compounds; 
nitrogenous  food  is  there  in  many  forms-  proteins,  amino  acids,  am¬ 
monia,  urea,  and  other  compounds;  and  the  accessorv  foods  and  minerals 
re(|uired  by  microorganisms  are  available.  Some  inhibitorv  sid:)stances 
are  present  in  freshly  dravm^milk  but  soon  become  comparatively  in¬ 
effective.  Because  of  the  fermentable  sugar,  an  acid  fermentation  by 
bacteria  is  most  likely  under  ordinary  conditions,  but  other  changes  may 
take  place  if  conditions  are  unfavorable  to  the  acid-formers  or  if  they  are 
absent.  The  chief  types  of  spoilage  are  as  follows: 


Souring  or  Acid  Formation 

When  milk  “sours”  it  often  is  considered  spoiled,  especially  if  it  curdles, 
although  the  lactic  acid  fermentation  of  milk  is  utilized  in  the  manu¬ 
facture  of  fermented  milks  and  cheese.  The  ev  idences  of  acid  formation 
are  first  a  sour  flavor  and  then  coagulation  of  the  milk  to  give  a  solid 
jellyhke  curd  or  a  weaker  curd  that  releases  clear  whey.  The  lactic  acid 
fermentation  is  most  likely  to  take  place  in  raw  milk' held  at  ordinarv 
room  temperatures.  The  “lactics”  that  cause  this  fermentation  mav  be 
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lioinofermentative,  producing  mostly  lactic  acid  with  only  small  amounts 
of  acetic  acid,  carbon  dioxide,  and  other  volatile  products,  or  hetero- 
fermentative,  producing  appreciable  amounts  of  the  volatile  products  in 
addition  to  lactic  acid.  In  raw  milk  at  temperaturt's  from  10  to  37°C  ( 50 
to  98.6°F)  the  homofermentative  Streptococcus  lactis  is  most  likely  to 
cause  the  souring,  with  possibly  some  assistance  from  coliform  bacteria, 
enterococci,  lactobacilli,  and  micrococci.'  At  higher  temperatures,  e.g., 
from  37°C  to  50°C  (98.6  to  122°F),  Streptococcus  thcrmophilus  and  S. 
faccalis  mav  produce  about  1  percent  acid  and  be  followed  by  lacto¬ 
bacilli,  such  as  Loctohncillus  hulgaricus,  to  make  the  milk  very  acid. 
Some  of  the  lactobacilli  can  grow  at  temperatures  above  50^C  (122°F), 
but  produce  less  acid  there.  Thermophilic  bacteria  can  grow  at  still 
higher  temperatures,  e.g..  Bacillus  calidolactis  and  Lactobacillus  ther- 
uiophilus.  Little  formation  of  acid  takes  place  in  milk  held  at  tempera¬ 
tures  near  freezing,  but  proteolvsis  may  take  place.  The  pasteurization  of 
milk  kills  the  more  active  acid-forming  bacteria  but  may  permit  the  sur¬ 
vival  of  heat-resistant  lactics  (e.g.,  enterococci.  Streptococcus  thermophi- 
lus,  and  lactobacilli )',  which  will  cause  a  lactic  acid  fermentation  if  the 
holding  temperature  is  higli  enough.  In  the  refrigerator,  proteolysis  by 
low-temperature  bacteria  is  likelv.  If  acid-formers  do  not  sur\’i\'e,  other 
types  of  bacteria  may  cause  proteolysis  at  room  temperature. 

Many  bacteria  other  than  those  termed  lactics  can  cause  an  acid  fer¬ 
mentation  in  milk,  especially  if  conditions  are  unfavorable  for  the  lactic 
acid  bacteria.  The  coliform  bacteria  produce  some  lactic^cid  and  consider¬ 
able  amounts  of  \'olatile  produces,  such  as  hydrogen,  carbon  dioxidt, 
acetic  acid,  fonnic  acid,  alcohol,  etc.  Species  of  Micrococcus,  Microhac- 
tcrium,  and  Bacillus  can  produce  acidity  in  milk,  mostly  due  to  lactic 
acid,  but  ordinarily  cannot  compete  with  the  lactics. 

Butyric  acid  may  be  produced  in  milk  by  action  of  Clostridium  species 
under  conditions  that  prevent  or  inhibit  the  normal  lactic  acid  formation. 
Thus  milk  given  a  heat-treatment  which  destroys  all  vegetati\e  cells  of 
bacteria  but  allows  the  survival  of  spores  of  Clostridium  may  undergo 
the  butyric  acid  fermentation  with  the  production  of  hydrogen  and  car¬ 
bon  dioxide  gas. 


Gas  Production 

Gas  production  by  bacteria  always  is  accompanied  by  acid  formation, 
and  with  few  exceptions,  is  undesirable  in  milk  and  milk  products.  The 
chief  gas-formers  are  the  coliform  \y^{cvi^Cdastridijnn^'^±^^^ 
aeroliacilli  (sas-forming  BodUiis  species)  tliat  yield  both  l.ydrogon  and 
carbon  dioxide,  and  tbe  veasts,  propionics,  and  licterofennentative  lactics 
that  produce  only  carbon  dioxide.  Tbe  production  of  gas  in  milk  is  es  i- 
denced  bv  foam 'at  tbe  top  if  the  milk  is  licpiid  and  is  supersaturate 
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with  the  gas,  by  gas  bubbles  caught  iu  the  curd  or  furrowing  it,  by  float¬ 
ing  curd  containing  gas  bubbles,  or  by  a  ripping  apart  of  the  cuid  by 
rapid  gas  production,  causing  the  so-called  “stormy  fermentation”  of  milk. 

The  likelihood  of  gas  formation  and  the  type  of  microorganisms  to 
cause  it  will  depend  upon  the  pretreatment  of  the  milk  and  the  tempera¬ 
ture  of  holding.  In  raw  milk  from  icebo.x  temperatures  to  blood  he_at,  the 
coliform  bacteria  are  most  apt  to  be  the  main  gas-formers  because  they 
can  compete  well  with  other  acid-formers.  Heterofermentative  lactics 
also  may  produce  gas  but  usually  not  enough  to  be  evident  in  the  milk. 
Yeasts,  which  must  be  lactose-fermenting  to  make  gas  in  milk,  usually 
are  absent  or  in  low  numbers  in  milk  and  do  not  compete  well  with  the 
bacteria.  They  sometimes  cause  gassiness  of  cream  held  on  the  farm  for 
periodic  collection  by  the  creamery.  The  souring  of  the  cream  by  bacteria 
favors  the  growth  of  the  yeasts  which  do  best  at  an  acid  pH. 

Gas-forming  Clostridium  and  Bacillus  ( Aerohacillus)  species  seldom 
grow  at  refrigerator  temperatures  and  do  not  compete  well  with  acid- 
formers  at  higher  temperatures,  but  may  function  if  the  acid-formers  are 
absent  or  comparatively  inactive.  Thus  in  milk  heated  at  pasteurizing  tem¬ 
peratures  or  above,  the  chief  acid-formers  will  be  killed,  the  spores  of 
Clostridium  and  Bacillus  species  will  survive,  and  gas  formation  by  the 
spore-formers  may  take  place.  These  organisms  sometimes  are  harmful 
to  cheese  from  pasteurized  milk.  Propionic  acid-forming  bacteria  do  little 
in  milk. 


Proteolysis 

The  hydrolysis  of  the  proteins  of  milk  bv  microorganisms  usually  is 
accompanied  by  the  production  of  a  bitter  flavor  caused  by  some  of  the 
polypeptides.  Proteolysis  is  favored  by  storage  at  a  low  temperature,  by 
the  destruction  of  lactics  and  other  acid-formers  by  heat,  and  by  the 
destruction  of  formed  acid  in  the  milk  by  molds  and  film  yeasts  or  the 
neutralization  of  acids  by  products  of  other  organisms. 

The  types  of  change  produced  by  proteolytic  microorganisms  include 
( 1 )  acid  proteolysis,  in  which  acid  production  and  proteolysis  occur  to¬ 
gether;  (2)  proteolysis  with  little  acidity  or  even  with  alkalinity,  (3) 
sweet  curdling,  which  is  caused  by  renninlike  enzymes  of  the  bacteria  at 
an  early  stage  of  proteolysis;  and  (4)  slow  proteolysis  by  endoenzymes 
of  bacteria  after  their  autolysis. 

Acid  proteolysis  causes  the  production  of  a  shrunken  curd  and  the 
expression  of  much  whey.  This  is  followed  by  a  slow  digestion  of  the 
curd,  which  changes  in  appearance  from  opaqueness  to  translucencv 
and  may  be  completely  dissolved  by  some  kinds  of  bacteria.  Sometimes, 
separate  curd  particles  are  formed  that  shrink  to  such  a  small  size  that 
they  barely  are  visible  in  the  large  amount  of  whey.  Acid  proteolysis  may 
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he  caused  hy  several  species  of  Micrococcus,  some  of  which  t^row  in  the 
udder  of  the  cow  and  cause  acid  proteolysis  of  aseptically  drawn  milk. 
One  of  the  intestinal  streptococci  or  enterococci,  Streptococcus  faecalis 
var.  liquefaciens  is  a  lactic  acid  organism  that  also  is  actively  proteolytic. 

It  is  thermoduric,  like  the  other  enterococci,  and  may  cause  acid  proteol¬ 
ysis  in  pasteurized  milk.  Spores  of  lactose-fermenting,  proteolytic  strains 
of  some  species  of  Bacillus,  e.g.,  of  B.  cereus,  can  survive  pasteurization 
or  a  more  rigorous  heat-treatment  of  milk  and  cause  acid  proteolysis. 

Proteolysis  by  bacteria  unable  to  ferment  lactose  varies  with  the  bac¬ 
terium  involved,  from  obvious  digestion  of  the  casein  to  slight  proteolysis 
that  is  detectable  only  by  chemical  tests,  lattle  if  any  acidity  is  produced 
by  most  of  these  bacteria;  in  fact  the  milk  usually  because  alkaline  in 
time  from  products  of  protein  decomposition.  Many  of  these  bacteria 
*^sweet-curdle”  the  milk  (curdle  it  with  rennin)  before  digesting  the 
casein,  but  others  hydrolyze  the  protein  so  rapidly  that  no  curdling  is 
evident  and  finally  a  fairly  clear  licjuid  remains  with  no  sign  of  casein  or 
curd.  Actively  proteolvtic  bacteria  are  found  among  the  species  of  Micro¬ 
coccus,  AJcaligenes,  Pseudomonas,  Proteus,  Achromohacter,  Flavohac- 
terium,  and  Serratia,  all  of  which  are  genera  of  non-spore-formmg  bac¬ 
teria,  and  of  the  genera  Bacillus  and  Clostridium  of  the  spore-formers. 
It  will  be  observed  that  some  of  these  bacteria,  notably  some  species 
of  the  genera  Micrococcus,  Pseudomonas,  Achromohacter,  and  Flavo- 
hacterium,  can  grow  well  at  low  temperatures  and  hence  are  likely  to 
cause  some  proteolysis  and  bittemess  of  milk  held  at  chilling  tempera¬ 
tures.  None  of  these  bacteria,  except  some  species  of  Micrococcus,  is 
thermoduric  and  therefore  should  not  be  present  in  pasteurized  milk.  In 
fact,  however,  a  few  of  the  psychrophiles  are  present  in  most  pasteurized 
milk  and  grow  in  milk  in  the  refrigerator.  Most  proteolytic  species  of 
Bacillus  and  Clostridium,  on  the  other  hand,  are  unable  to  grow  at  re- 
fri<^erator  temperatures  and  do  not  compete  well  with  acid-formers  at 
atmospheric  temperatures.  They  are  most  likely  to  cause  their  proteo  ysis 
in  milk  that  has  been  heated  enough  to  destroy  most  or  all  of  the  acicl- 

Slow  proteolvsis  of  endoenzvmes  of  bacteria  after  their  autolysis  is 
no  sic-nificance'  in  milk  under  ordinary  circninstances  bnt  is  signihcant 
when^a  long  time  is  allowed  for  their  action  as  in  curing  cheese. 

Hopiness 

Ropiness  or  sliminess  can  occur  in  milk,  cream,  or  wluv,  but  is  i 
portant  mosflv  in  market  milk  and  cream.  Nonhacterial  ropiness  or  sl.mi- 
!u..s  mav  he' due  to  the  following  factors:  (1)  Syingmess  caused 

.nastitis  'an<l  in  particular  hy  fihrin  and  leuc.cytes  fron. 

In  contrast  to  ropiu.'ss  pro.luced  hy  hacteria,  .t  .s  present  when  tl» 
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is  drawn,  rather  than  developed  during  holding  of  the  milk.  (2)  Shmi- 
ness  resulting  from  the  thickness  of  cream,  e.g.,  at  the  top  of  a  boUle. 
(3)  Stringincss  due  to  thin  films  of  casein  or  lactalbumin  during  cooling, 
as  sometimes  observed  on  surface  coolers.  This  effect  is  only  temporary. 

Bacterial  ropincss  is  caused  by  slimy  capsular  material  fiom  the  cells, 
usuallv  2ums  or  mucins,  and  ordinarily  develops  best  at  low  storage 


Fig.  24-1.  Ropy  milk.  AlcaJigenes  viscolactis  has  made  the  milk  so  viscous  that  it 
can  be  strung  out  with  a  forceps.  {Courtestj  of  Harper  6  Brothers,  From  \V.  B. 
Series  et  a!.,  Microbiology:  General  and  Applied,  2d  ed.,  eoptpight,  1956.) 


temperatures.  The  ropiness  usually  decreases  as  the  acidity  of  the  milk 
or  cream  increases.  There  are  two  main  types  of  bacterial  ropiness,  one 
in  which  the  milk  is  most  ropy  at  the  top  and  the  other  in  w'hich  the  milk 
becomes  ropy  throughout.  Surface  ropiness  is  caused  most  often  by 
Alcaligenes  viscolactis  (viscosus)  (Figure  24-1),  an  organism  chiefly 
from  water  or  soil  that  can  grow  fairly  well  in  the  \'icinit}’  of  10°C 
(50°F).  Some  of  the  thermoduric  micrococci,  e.g..  Micrococcus  freuden- 
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reichii,  can  cause  surface  ropiness.  Ropiness  throughout  the  milk  may 
be  caused  by  any  of  a  number  of  kinds  of  bacteria:\ ( 1 )  Certain  strains 
of  coliform  bacteria  such  as  of  Aerobacter  aerogenes,  A.  cloacae,  and 
rarely  Escherichia  coli.  Ropiness  caused  by  Aerobacter  usually  is  worse 
near  the  top  of  the  milk.  (2)  Certain  strains  of  some  of  the  common 
species  of  lactic  acid  bacteria.  Streptococcus  lactis  var.  hoUaudicus 
causes  ropiness  in  milk,  and  is  used  in  making  a  Scandinavian  fermented 
milk.  Lactobacillus  casei,  L.  bulgaricus,  and  L.  plantarum  are  ropy  at 
times,  as  are  strains  of  Streptococcus  cremoris.  Most  of  these  lactic  bac-  i 
teria  can  grow'^  in  long  chains,  a  characteristic  that  supposedly  contributes  ! 
to  the  stringy  condition  of  the  milk.  (3)  Miscellaneous  other  bacteria  | 
among  the  alkali-formers,  micrococci,  tetracocci,  streptococci,  and  bacilli.  j 
Ordinarily  these  bacteria  vyould  be  suppressed  by  the  acid-formers. 

^Since  the  sources  of  the  bacteria  causing  ropiness  are  vyater,  manure, 
utensils,  and  feed,  the  reduction  or  elimination  of  contamination  from 
these  sources  helps  prevent  ropiness.  Adequate  pasteurization  of  milk 
readilv^  destroys  most  of  the  abov  e  kinds  of  bacteria. 


Changes  in  Butterfat 

Butterfat  may  be  decomposed  by  yarious  bacteria,  yeasts,  and  molds 
that  do  not  constitute  distinct  groups  on  the  basis  of  other  characteristics. 
The  bacteria  are,  for  the  most  part,  aerobic  or  facultativ'e,  proteolvtic, 
and  non-acid-forming.  The  follovying  changes  in  the  butterfat  hike  place 
( 1 )  Oxidation  of  the  unsaturated  fatty  acids  vyhich,  coupled  with  other 
decomposition,  v’ields  aldehydes,  acids,  and  ketones  and  results  in  tal- 
lovyy  odors  and  tastes.  The  reaction  is  fayored  by  metals,  sunlight,  and 
oxidizing  microorganisms.  (2)  Hydrolysis  of  the  butterfat  to  fatty  acids 
and  glycerol  by  the  enzyme,  lipase.  The  lipase  may  haye  been  in  the 
original  milk  or  may  be  microbial.  (3)  Combined  oxidation  and  hydroly¬ 
sis  to  produce  “rancidity.”  Species  of  lipase-forming  bacteria  are  found 
in  many  of  the  bacterial  genera,  e.g..  Pseudomonas,  Proteus,  Achromo- 
bacter,' Alcaligenes,  Bacillus^  Micrococcus,  Clostridium,  and  others.  Many 
of  the  molds  are  lipolv'tic  and  some  species  of  yeasts. 

Alkali  Production 

The  group  of  alkali-formers  includes  those  bacteria  which  cause  an 
alkaline  reaction  in  milk  without  any  evidence  of  proteolysis  The  alka¬ 
line  reaction  mav  result  from  the  formation  of  ammonia,  as  from  iircsi, 
or  of  carbonates'  as  from  organic  acids  like  citric  acid.  Most  of  these 
bacteria  grow  at  from  moderate  to  low  temperatures,  and  many  can  sur¬ 
vive  pasteurization.  Examples  of  alkali-formers  are  Fsewlomomis  fiuo- 
reseem  and  Irifolii.  .A/eci/igenes  faccalk  and  viscohclis  {n.sosus).  and 
Micrococcus  urcae. 
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Flavor  Changes 

The  flavor  of  milk  as  drawn  is  low,  delicate,  and  easily  altered.  The 
types  of  changes  in  milk  previously  discussed  produce  changes  in  taste 
and  odor,  some  of  which  will  be  mentioned  here  again.  Since  indi\  iduals 
differ  in  their  ability  to  detect  flavors  and  disagree  in  their  description  of 
them,  a  number  of  more  or  less  descriptive  terms  have  been  suggested 
to  name  the  off-flavors. 

Milk,  as  drawn  from  the  cow,  may  be  abnormal  in  fla\'or  because  of 
the  individual  cow,  mastitis,  the  stage  of  lactation  of  the  cow,  or  feed. 
Flavmrs  that  develop  later  may  be  nonmicrobial  in 'cause,  e.g.,  absorbed 
flavors,  tallowy  flavors  due  to  light  or  metals,  or  rancidity  caused  by  milk 
lipase;  or  they  may  be  caused  by  microorganisms. 

Some  of  the  off-flavors  caused  by  microorganisms  are  as  follows:  ^ 

Sour  or  Acid  Flavor.  The  aciditv  may  be  described  as  “clean,”  as  pro¬ 
duced  by  Streptococcus  lactis  and  other  lactics;  as  “aromatic”  when  lactic 
streptococci  and  aroma-forming  Leuconostoc  species  are  growing  to¬ 
gether;  and  as  “sharp”  when  appreciable  amounts  of'volatile  fatty  acids 
— formic,  acetic,  or  butvric  are  produced  by  coliform  bacteria,  Cdostri- 
dium  species,  and  other  organisms.  Clean  and  aromatic  flavors  are  de¬ 
sired  in  fermented  milk  products,  but  the  sharp  fla\'ors  are  undesirable. 

Bitter  Flavors.  Bitterness  usuallv  results  from  ]')roteolvsis,  but  mav 
follow  lipolysis  or  even  fermentation  of  lactose.  Milk  from  cows  late  in 
their  lactation  period  sometimes  is  slightlv  bitter.  Microorganisms  caus¬ 
ing  proteolysis  and  hence  bitterness  have  been  mentioned  in  a  previous 
paragraph.  Other  organisms  causing  bitterness  are  certain  strains  of  coli- 
form  bacteria  and  of  asjDorogenous  yeasts.  Some  cocci  cause  very  bitter 
milk,  and  actinomvcetes  sometimes  eive  bitter-mustv  flavors. 

'  O  V 

Burnt  or  Caramel  Flavor.  Certain  strains  of  Streptocoecus  lactis  (var. 
maltigenes )  produce  this  flavor,  which  resembles  the  cooked  flavor  of 
overheated  milk.  / 

Miscellaneous  Other  Flavors.  Other  flavors  that  are  found  less  com¬ 
monly  make  up  a  long  list,  only  part  of  which  will  be  mentioned:  a  barny 
flavor  by  Aerohacter  oxytocum;  soapiness  by  ammonia-formers  like 
Pseudomonas  sapolactica;  a  turniplike  flavor  by  Escherichia  coli  and 
Pseudomonas  fluorescens;  a  malty  flavor  by  yellow  micrococci  from  the 
uddei;  a  potatolike  flavor  by  Pseudomonas  graveolens  or  P.  mucidolens; 
fishiness  by  Pseudomonas  iehthijosniia  or  various  cocci  that  produce  tri- 
methylamine  from  lecithin;  earthy  or  mustv  flavors  bv  actinomycetes; 
fruity,  esterlike,  and  alcoholic  flavors  by  yeasts;  an  amylalcohol  flavor  by 
white  and  orange  micrococci;  and  putrefaction  bv  species  of  Clostridium 
and  other  putrefactive  bacteria.  Other  flavors  have  been  termed  unclean, 
stale,  astringent,  oily,  weedy,  carrotv,  etc. 
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Inade(juately  cooled  raw  milk  that  has  been  held  in  a  tightly  covered 
can,  so  that  volatile  products  of  bacterial  metabolism  have  collected 
above  the  milk,  has  an  undesirable  odor  that  varies  in  nature.  Milk  show¬ 
ing  this  condition  is  termed  “smothered.” 


Color  Changes 

fk\  le  color  of  milk  or  cream  is  affected  bv  its  phvsical  and  chemical 
composition,  for  example,  by  the  amount  and  vellowness  of  the  butterfat, 
the  thinness  of  the  milk,  the  content  of  blood  and  pus,  and  the  feed  of 
the  animal.  Color  changes  caused  bv  microorganisms  may  occur  along 
with  other  changes  previously  discussed,  but  there  are  some  special 
changes  in  color  that  should  be  mentioned.  The  color  may  be  due  to  the 
surface  growth  of  pigmented  bacteria  or  molds  in  the  form  of  a  scum 
or  ring  or  may  be  throughout  the  milk. 

Blue  Milk.  P_^ticlomoims  syncijanea  produces  a  bluish-gray  to  brown- 
ish  color  in  milk  in  pure  culture,  but  when  growing  with  an  acid-former 
lilce  Streptococcus  lactis  causes  a  deep-blue  color.  This  defect  and  the 
blue  color  produced  by  actinomycetes  or  species  of  Gcotrichum  are  rare 
in  occurrence. 

Yellow  Milk.  Pseudomonas  si/nxantha  may  cause  a  yellow  color  in  the 
cream  layer  of  milk,  coincident  to  lipolysis  and  proteolysis.  Species  of 
Flnvohacterium  also  can  give  yellowness  to  milk. 

Red  Milk.  Red  milk  usualiy  is  caused  by  species  of  S>erratia,  e.g.,  S. 
marcescens,  but  is  rare  because  other  bacteria  ordinarily  outgrow  the 
recTpigmented  species.  Brevihacterium  ert/throgenes  produces  a  red  layer 
at  the  top  of  milk,  followed  by  proteolysis.  Micrococcus  roscus  may  grow 
and  produce  a  red  sediment,  and  Tortda  glutinis  may  produce  pink  or 
red  colonies  on  the  surface  of  sour  milk  or  cream.  Blood  in  milk  will  give 
it  a  red  color.  The  red  blood  cells  settle  out  or  can  be  centrifuged  out. 

Brown  Milk.  A  brown  color  may  result  from  the  enzymic  oxidation  of 
txTosine  by  Pseudomonas  fluorescens. 


Spoilage  of  Milk  at  Different  Temperatures 

.\t  any  given  storage  temperature  most  samples  of  raw  milk  will 
undergo  a  typical  series  of  changes  caused  by  a  succession  of  micro¬ 
organisms.  At  refrigerator  tempenUures^  jDro^olysis  by  psych^OpM'^ 
bacteria  like  Pseudomonas  isjno^ikely,  and  molds  miw  follow.  At  room 
temperatures,  an  aciJ  fermentation  is  probable,  first  by  lactic  stn  pto 
cocci  and  coliform  bacteria,  then  by  the  acid-tolerant  j^ctobacillj.  Then 
molds  or  film  yeasts  on  the  surface  will  lower  the  acidity  so  that  more 
acid  can  be  formed.  Ecentually,  when  most  of  the  acid  has  been  de¬ 
stroyed  proteolytic  or  putrefactive  bacteria  complete  the  decomposition. 
Pasteurization  .should  kill  the  yeasts,  molds,  most  psychrophilic  bacteria 
the  conforms,  and  Streptococcus  lac  tis.  Nevertheless,  in  most  sampU's  o 


Spoilage  of  Milk  and  Milk  Products  305 

pasteurized,  refrigerated  market  milk  there  are  enougli  psychrophiles 
(contaminants  entering  after  heating)  to  result  in  a  slow  development 
of  bitterness  and  other  off-flavors.  At  room  temperatures,  acid  formation 
by  thermoduric  bacteria  is  likely,  involving  acid  production  by  bacteria 
like  Streptococcus  thermophilus^  Streptococcus  foecalis,  Microbacteriuin 
lacticiuip  and  heat-resistant  micrococci,  followed  ^  further  acid  forma¬ 
tion  by  lactobacilli.  Only  bacterial  spores  should  survive  the  boiling  of 
milk.  Acid-forming  bacteria  of  the  genera  Bacillus  or  Clostridium  are 
likely  to  grow,  but  in  their  absence  proteolytic  species  of  these  genera 
may  be  active.  ( 


CONDENSED  AND  DRY  MILK  PRODUCTS 

Under  this  heading  are  included  evaporated  milk  (unsweetened),  bulk 
condensed  milk,  frozen  milk,  sweetened  condensed  milk,  condensed 
whev,  buttermilk,  and  condensed  sour  skim  milk  and  dry  milk.  The 
qualitv  of  all  of  these  products  depends  upon  the  cjualitv  of  the  material 
dried  or  condensed,  for  defects  in  the  raw  material  will  carry  over  to 
the  condensed  or  dried  product.  All  of  the  condensed  products  have  a 
fairly  high  concentration  of  solutes  that  inhibits  the  growth  of  some  kinds 
of  bacteria.  Dry  milk  is  so  low  in  moisture  that  it  should  offer  no 
microbial  spoilage  problems  when  properlv  handled.  Rise  in  moisture  to 
over  8  percent  might  permit  some  mold  growth.  The  onlv  t\'pe  of  spoil¬ 
age  of  condensed  buttermilk  and  sour  skim  milk  is  bv  molds  when  the 
surface  is  exposed  to  air.  The  high  concentration  of  acid  and  solutes 
prevents  the  growth  of  bacteria  or  yeasts. 

Bulk  Condensed  Milk 

The  forewarming  temperatures  emploved  in  the  making  of  plain  con¬ 
densed  milk  are  equivalent  to  no  more  than  pasteurization,  and  the 
evaporating  process  is  at  a  temperature  low  enough  to  permit  the  growth 
of  thermophiles.  Therefore  this  product  has  onlv  a  short  storage  life, 
although  refrigerated,  and,  like  pasteurized  milk,  is  subject  to  spoilage 
by  thermoduric  bacteria  that  survive,  except  that  these  spoilage  bacteria 
must  be  able  to  tolerate  the  increased  concentration  of  solutes  in  the 
condensed  product.  In  superheated  condensed  milk  the  temperature  of 
the  milk  is  raised  to  150  to  170°F  (65.6  to  76.7°C)  during  the  introduc¬ 
tion  of  steam,  a  process  that  probably  destroys  most  of  the  vegetati\  e  cells 
of  bacteria  but  not  the  spores.  This  product,  too,  has  a  short  storage  life. 

Evaporated  Milk 

Unsweetened  evaporated  milk  is  canned  and  heat-processed  under 
.steam  pressure  in  an  attempt  to  destroy  all  of  the  microorganisms  present. 
Spoilage  can  take  place  only  when  the  heat  process  is  inadequate  or 
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defects  in  the  can  permit  the  entrance  of  organisms.  Bacterial  spores 
that  survive  the  heat  process  may  be  the  cause  of  swelling  of  the  can, 
coagulation  of  the  milk,  or  a  bitter  flavor. 

Swelling  of  the  can  is  caused  primarily  by  gas-forming,  anaerobic 
spore-formers  (genus  Clostridium),  although  overfilling  of  the  can  with 
cold  milk  may  cause  swelling,  or  action  of  the  acid  constituents  of  milk 
on  the  iron  of  the  can  to  produce  hydrogen  gas  may  bulge  the  can  on 
long  storage. 

Coagulation  of  the  milk  in  the  can  may  varv  from  a  few  flakes  to  a 
solid  curd.  Species  of  Bacillus  usuallv  are  to  blame,  either  mesophiles  like 
B.  cereus,  B.  suhfilis,  or  B.  megatcrium,  a  facultativ'e  thermophile,  B. 
coagtdatis,  or  an  obligate  thermophile,  B.  calidolactis.  The  extent  of  the 
curd  in  the  milk  depends  to  some  extent  on  the  amount  of  air  in  the  can. 
Spoilage  bv  the  thermophiles  should  cause  no  trouble  if  the  milk  is 
cooled  promptlv  and  kept  cool,  but  it  can  cause  trouble  in  the  tropics. 

Bitterness  usually  results  from  proteolysis  by  species  of  Bacillus  and 
less  commonly  by  species  of  Clostridium.  Some  of  the  latter  may  cause 
putrefaction  in  rare  instances. 

Spoilage  resulting  from  leakage,  as  indicated  by  the  presence  of  non- 
spore-formers,  mav  result  in  gas  and  swelling  caused  by  coliform  bacteria 
or  yeasts,  coagulation  bv  streptococci,  or  bitterness  caused  by  cocci. 


Sweetened  Condensed  Milk 

Sweetened  condensed  milk  has  been  subjected  to  a  fairly  high  tem¬ 
perature  (160  to  212°F,  or  71.1  to  lOOoC)  during  forewarming  and  to 
a  milder  heat-treatment  (120  to  130°F,  or  48.9  to  54.4°C)  during  con¬ 
densing,  so  that  the  yeasts,  molds,  and  most  of  the  vegetative  cells  of 
bacteria  have  been  destroyed.  In  addition  a  high  concentration  of  sugar 
is  present,  about  55  to  60  percent  of  total  sugar  (lactose  plus  added 
sugar).  .Also,  the  can  is  evacuated  and  sealed.  Spoilage,  then,  is  due  pri¬ 
marily  to  organisms  that  have  enterc'd  after  the  heat-treatments,  espe¬ 
cially  if  air  is  present.  The  chief  types  of  spoilage  are  ( 1 )  gas  formation 
by  sucrose-fermenting  yeasts  such  as  Torula  lactis-condcmi  and  T. 
glohula  or,  more  rarely,  by  coliform  bacteria;  (2)  thickcMiing  caus(‘d  by 
micrococci,  which  probably  produce  rennin;  and  (3)  “buttons,”  which 
are  mold  colonies  growing  on  the  milk  surface.  The  size  of  these  buttons 
is  determined  by  the  amount  of  air  in  the  can.  Species  of  Aspergillus, 
e.g.,  A.  repctis,  or  of  Pcuicilliuui  have  been  incriminated. 


FROZEN  DESSERTS 


Frozen  desserts  include  ice  cream,  ice 
and  ices.  The  ingredients  may  be  various 


milk,  frozen  custards,  sherberts, 
combinations  of  the  following: 
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milk,  cream,  evaporated  milk,  condensed  milk,  dried  milk,  coloring  ma¬ 
terials,  flavors,  fruits,  nuts,  sweetening  agents,  eggs  and  egg  products, 
and  stabilizers.  Any  of  these  may  contribute  microorganisms  to  the  prod¬ 
uet  and  affect  the  quality  of  the  dessert  as  judged  by  its  bacterial  content 
or  its  content  of  specific  kinds  of  bacteria  such  as  the  coliforms.  The  des¬ 
serts  are  not  ordinarily  subject  to  spoilage,  however,  as  long  as  they  are  kept 
frozen.  The  only  important  tvpes  of  spoilage  take  place  in  the  ingredients 
before  they  are  mixed  or  in  the  mix  before  it  is  frozen.  Since  the  mix  is 
pasteurized  before  it  is  frozen,  no  spoilage  problems  should  be  encoun¬ 
tered,  unless  it  is  held  at  temperatures  abo\'e  freezing  for  a  considerable 
time,  when  souring  by  acid-forming  bacteria  can  take  place. 

BUTTER 

Many  of  the  defects  of  butter  originate  in  the  cream  from  which  it  is 
made,  especially  when  the  cream  has  been  held  for  se\'eral  days  on  the 
farm  before  collection  by  the  creamerv.  During  this  time  lactic  acid 
bacteria,  gas-formers,  and  other  spoilage  organisms  may  grow  and  be 
followed  by  molds,  e.g.,  Gcotrichum  candid  urn.  Lactose-fermenting 
yeasts,  which  are  present  only  occasionally,  may  develop  high  gas  pres¬ 
sures  within  the  ean  of  cream.  In  fact,  most  of  the  tvpes  of  spoilage  de¬ 
scribed  for  milk  in  the  early  part  of  this  chapter  could  occur  in  the  cream 
and  affect  the  butter  made  from  it. 

The  likelihood  of  spoilage  and  the  kind  of  change  will  depend  upon 
the  kind  of  butter  and  the  environment  in  which  it  is  kept.  Salted  butter, 

!  because  of  the  high  salt  concentration  in  the  small  amount  of  moisture 
I  present,  is  less  likely  to  support  microbial  growth  than  unsalted  butter. 
In  geneial,  sweet-cream  butter  keeps  better  than  sour-eream  butter. 
Nowadays,  most  butter  in  this  country  is  made  from  pasteurized  cream, 
in  which  most  of  the  spoilage  organisms  have  been  destroyed.  Also,  but- 
tei  is  kept  refrigerated  for  the  most  part,  and  during  commercial  storage 
is  kept  at  about  ()°F  (— 17.8°C),  where  no  microbial  growth  can  take 
place.  For  these  reasons  bacteria  usually  do  not  grow  in  butter,  and  when 
they  do  their  growth  is  not  extensive.  The  flavor  of  good  butter  is  so 
delicate,  however,  that  relatively  small  amounts  of  growth  may  cause 
appreciable  damage  to  the  flavor. 

Flavor  Defects 

As  has  been  indicated,  undesirable  flavors  may  come  from  the  cream 
which  may  receive  sueh  flavors  from  the  feed  of  the  cow,  absorb  them 
from  the  atmosidiere,  or  develop  them  during  microbial  growth.  Feeds 
1  e  onions,  garlic,  French  weed,  peppergrass,  and  poor  silage  contribute 
ofl-flavors  to  the  cream.  Volatile  products  that  may  be  absorbed  from 
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tlie  air  are  odors  from  the  barn  and  from  chemicals  used  there,  e.g., 
kerosene,  gasoline,  fly  sprays,  disinfectants,  etc.  Growth  of  microorgan¬ 
isms  in  the  cream  and  in  the  milk  from  which  it  is  separated  may  result 
in  anv  of  the  following  bad  flavors:  (1)  cheesiness,  caused  by  lacto- 
bacilli;  (2)  rancidity,  resulting  from  lipolysis  by  fat-splitting  bacteria 
and  molds,  and,  periiaps,  by  lipase  in  the  cream;  (3)  barny  fla\'or,  pro¬ 
duced  bv  species  of  Aerohacter;  (4)  maltv  flavor,  produced  by  Strepto¬ 
coccus  lactis  var.  imdtjoenes;  (.^  yeasty  flavor,  produced  by  yeasts;  (6) 
mnstv  flavors,  caused  by  nToTclTand  actinomycetes;  (7)  metallic-flaA.x>rs, 
caused  by  dissobed  metals~7n  highly  acid  creain;  (8)  a  flat  flav'or,  result¬ 
ing  from  tl'i^destruc^iorTof  biacetyTby  ba^eria  like  some  of  the  Psciido- 
ji}on(is  species;  (9)  highly  acid  flavor,  when  the  cream  has  excessive 
acidity;  and  ( 10)  “unclean”  flavor,  caused  by  coliform  bacteria. 

Unsatisfactory'  methods  in  the  creamery  may  cause  a  cooked  flavor  due 
to  overpasteurization  of  the  cream  or  a  neutralizer  flavor  if  too  much 
of  the  neutralizing  compound  is  used,  if  it  is  unevenly  distributed  in  the 
cream,  or  if  pasteurization  takes  place  before  a  balance  is  reached. 

Butter,  too,  readily  absorbs  volatile  materials  from  the  air.  Microorgan¬ 
isms  in  the  butter  can  cause  the  following  defects:  (1)  Surface  taint, 
also  called  “rabbito”  and  “putridity,”  which  is  blamed  on  Fsciulomonas 
ptitrefnciens,  introduced  usually  by  the  wash  water,  churns,  or  eejuip- 
ment.  It  is  worse  in  unsaltcd  or  low-salt  butter.  The  “sweaty-fect  odor 
is  due  chiefly  to  isovaleric  acid.  (2)  Fishiness,  caused  by  Pseudo¬ 
monas  ichfht/osmia.  (3)  Esterlike  flavors,  resulting  from  the  action  of 
Pseudomomis  fraoi.  (4)  Skunklike  flavors,  caused  by  Pseudomonas 
mephitica.  (5)  Roquefortlike  flavors,  produced  by  molds. 

Chemically  produced  flavors  include  (1)  rancidity  produced  by  lipase 
in  the  cream;  (2)  tallowiness  from  oxidations  of  unsaturated  fats  cata¬ 
lyzed  bv  copper  and  bacterial  enzymes  and  favored  by  a  low  pH,  low- 
temperature  pasteurizatiuti,  salt,  air,  and  ozone;  (3)  fislnness  where 
trimetlndamine  is  produced  fro.n  lecithin.  This  <lefect  .s  favord  hy  high 
acidity,'  salt,  overworking  of  the  hntter,  and  the  presence  ot  copper. 

Color  Defects 

Some  color  defects,  not  caused  by  microorganisms 
cause  of  improper  working,  a  pink  color  canseil  hy  the 
dioxide  refrigerant  on  the  butter  color,  surface  darkening  resulting 
the  loss  of  switer  from  surface  layers,  and  hleaching  -that  accompanies 

'"'l)iscolorations,  chiefly  at  the  surface,  may  be  caused  by 
or  bacteria  that  come  from  churns,  wrappers,  liners  cirdi-s,  tubs,  tl  a  . 
e  tiie  cream  if  it  is  impasteiirized.  Colored  growths  of  molds  result  m 
the  smudged  or  Altcrmnia  type  of  discoloration,  with  d.irk,  smo  >,  <>  • 
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rarely,  greenish  areas  where  Alfernaria  or  Cladosporium  species  have 

grown,  or  small  black  spots  of  Stemplujlium.  Penicilliiim  molds  give  green 

colors,  Plwma  or  Alfernaria  molds  brown  areas,  and  Oospora  (Geo- 

frichtnu)  species  orange  or  yellow  spots,  Fiisarimn  culmorum  can  cause 

bright,  reddish-pink  areas.  Yeasts  sometimes  grow  in  pink  colonies. 

Pseudomonas  nigrifaeiens  causes  the  reddish-brown  “black  smudge”  in 

mildlv  salted  butter. 

✓ 


FERMENTED  MILK  PRODUCTS 


Fermented  milks  and  cheese  depend  upon  a  desired  fermentation  or 
succession  of  fermentations  for  their  manufacture.  Therefore  any  ab¬ 
normality  in  these  fermentations  will  affect  the  quality  of  the  product 
and  may  even  spoil  it.  The  finished  product,  too,  may  be  subject  to 
spoilage  by  microorganisms. 

Fermented  Milks 

In  the  manufacture  of  most  fermented  milks  a  starter  containing  the 
appropriate  microorganisms  is  added  to  pasteurized  milk,  which  is  in- 
cuhated  until  the  desired  acidity  is  attained.  The  chief  product  of  the 
fei mentation  is  lactic  acid,  but  lesser  amounts  of  flavoring  substances 
may  be  pioduced  or  added.  If  the  starter  bacteria  are  inactive,  other  bac¬ 
teria  may  grow  and  damage  the  curd  and  the  flavor.  Proteolytic  bacteria, 
which  ordinarily  cannot  compete  with  the  lactics,  may  cause  a  poor  curd 
and  off-flavors.  Coliform  bacteria  and  lactose-fermenting  yeasts  should 
not  be  present  but  may  enter  from  equipment  and  other  sources  to 
produce  bad  flavors  and  gas.  The  finished  product  is  susceptible  to  spoil¬ 
age  by  molds  from  air  or  equipment,  provided  that  air  is  available  at  the 
surface. 

Cheese 

Defects  of  clieese  may  have  median, 'cal  or  1>iolo!;ical  causes,  Iiut  onlv 

he  latter  will  be  discussed.  The  types  of  spoilage  can  be  dis'ided  into 

Miose  developing  during  the  manufacturing  process,  those  apiiearing  dur- 

mg  the  ripennig  process  of  cured  cheese,  and  those  occurring  b,  the 
finished  product.  * 

S,,o//«ge  ihirtng  Manufacture.  During  the  manufacture  of  most  hpes 

11^:  r,r';;  l  fermentation  is 

.  g  c .  If  die  lactics  are  ineffective  or  contamination  with  other 

m  coorganisms  is  unduly  heavy,  abnormal  changes  may  take  place  that 

adversely  affect  the  c.uality  of  the  cheese.  In  cheese  made  Iron!  raw  milk 

e  gas-foimmg  organisms  may  be  producing  off-flavors  as  well  as  e  is 
holes  in  the  curd  ( FUmro  oao\  xjI  i  ^ 

ft^iguic  ^4-^).  \eiv  dangerous  are  the  coliform  bac- 
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teria,  especially  those  resemhling  Acrohactcr  acrogcncs.  Lactose-ferinent- 
iiig  yeasts,  although  not  commonly  present  in  appreciable  numbers,  also 
can  cause  gassiness.  Spore-forming  gas-formers,  especially  species  of 
Clostridium,  can  cause  trouble  in  either  raw  milk  or  pasteurized  milk 
cheese  if  the  lactic  starter  bacteria  are  not  functioning  properly;  and  less 
commonly  the  aerobacilli,  spore-forming  species  of  Bacillus  like  B.  poly- 
iiufxa,  may  produce  gas  and  other  defects.  These  spore-formers  also  can 
cause  defects  in  ripening  cheese. 


and  cracks. 


Other  bacteria  may  compete  with  the  starter  organisms  with  results 
that  do  not  become  evident  until  during  the  curing  process,  where  body 
and  flavor  may  be  affected.  Thus  acid-proteolytic  bacteria  may  produce 
a  bitter  flavor,  or  Lcuconostoc  species  may  cause  holes  or  openness  in 

Cheddar  cheese  from  pasteurized  milk. 

Cottage  cheese  especially  is  subject  to  spoilage  during  manufacture  or 
storage  prior  to  consumption.  If  the  starter  bacteria  produce  insuflu  ient 
acid  or  yield  it  too  slowly,  a  usable  curd  will  not  result  (ir  the  cheese 
will  be  inferior  because  of  the  growth  of  undesirable  organisms.  I’roteoh  - 
sis,  gas  production,  or  sliminess  and  ofl-flavors  may  rum  the  pnu  uj  ■ 
Cheese  with  too  low  an  acidity  because  of  the  addition  of  cieam  or  t  i* 
failure  of  the  starter  often  is  made  gelatinous  or  shiny  by  soil  or  ^^attr 
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bacteria  such  as  Pseiidomomis  viscosa,  P.  fragi,  or  Alcaligenes  metal- 
caligenes. 

Spoilage  during  Ripening.  During  ripening  or  curing,  cheeses  normally 
undergo  physical  and  chemical  changes  resulting  from  the  action  of 
enzymes  released  from  the  autolyzed  cells  of  bacteria  that  grew  during 
manufacture  and  from  the  action  of  microorganisms  that  increase  during 
the  ripening  period.  The  growth  of  organisms  other  than  the  desired  ones 
results  in  inferior  or,  in  extreme  cases,  even  worthless  eheese  beeause 
of  alterations  in  texture,  body,  general  appearanee,  or  flavor.  The  most 
important  kinds  of  spoilage  differ  enough,  however,  with  the  kind  of 
cheese  concerned  to  discourage  generalizations.  Most  kinds  may  be 
subject  to  “late  gas,”  usually  eaused  by  lactate-fermenting  CAostridiuni 
species  (Figure  24-2),  but  possibly  by  aerobacilli,  propionic  bacteria, 
or  heterofermentative  lactics.  Gas  holes,  or  eves,  are  desirable  in  Swiss 
and  related  cheeses  but  not  to  any  extent  in  other  varieties.  Especially 
bad  in  Swiss  and  similar  cheeses  is  the  cracking  or  splitting  of  the  eheese 
by  gas  or  the  production  of  too  many,  too  small,  or  misshapen  eyes.  Gas 
formation  by  the  spore-formers  is  accompanied  bv  the  production  of 
undesirable  flavors,  butvric  acid,  for  example,  by  the  anaerobes. 

Bitterness  may  be  eaused  by  proteolytic  bacteria,  such  as  the  acid- 
proteolytic  types;  coliforms;  micrococci;  various  other  bacteria;  and 
rarely  by  yeasts,  wliich  usually  give  a  sweet,  fruih',  or  “veastv”  fla\'or. 

Putrefaction  may  occur  locally  or  generallv  in  cheese  where  insufficient 
acidity  has  been  produced  by  the  lactics  or  the  acid  has  been  destroyed 
by  a  lactate-fermenter,  for  example,  Clostridium  tijrohuti/ricum.  Putre¬ 
factive  anaerobes,  such  as  Clostridium  sporogenes  or  C.  lenioputrcscens, 
may  be  eoncerned.  Foul-smelling  gray  rot  mav  occur  locally,  especially 
at  the  surface  of  Swiss  cheese.  The  dark  eolor,  due  to  sidfides,  and  bad 
flavors  are  eaused  by  Bacterium  proteoh/ticum. 

Discolorations  of  the  ripening  cheese  may  result  from  the  action  of 
microorganisms  on  compounds  produced  during  curing  or  on  added 
coloring  material,  such  as  the  annatto  used  in  Gheddar  cheese,  or  may 
be  due  to  the  development  of  pigmented  colonies  of  organisms  on  or  in 
the  eheese.  Blue,  green,  or  blaek  discoloration  may  be  produced  bv  the 
reaction  of  hydrogen  sulfide  produeed  by  organisms  with  metals  or 
metallic  salts.  Bacterially  formed  sulfhydryl  groups  give  a  piiik  to  muddy 
appearance  to  annatto.  Reddish-brown  to  grayish-brown  colors  some¬ 
times  result  from  the  oxidation  of  tyrosine  by  bacteria  growing  in  soft 
cheeses.  Rusty  spot  of  Cheddar  and  similar  eheeses  is  due  to  eolonies  of 
Lactobacillus  plantarum  var.  rudensis  or  L.  brevis  var.  rudensis,  while 
yellow,  pink,  or  brown  spots  in  Swiss  eheese,  mostly  on  the  surfaee  of  the 
eyes,  are  colonies  of  pigmented  species  of  Propionibacterium  e.o.  P. 
zeae,  P.  rubrum,  and  P.  thoenii. 


312 


Spoilage  of  Foods 


Spoilage  of  the  Finished  Cheese.  In  gt^ncral,  the  perishability  of  cured 
cheeses  increases  with  their  moisture  content.  Therefore,  soft  clieeses, 
like  Limburger  and  Brie,  are  most  perishable,  and  hard  cheeses  like 
Cheddar  and  Swiss  most  stable.  Most  feared  among  the  spoilage  organ¬ 
isms  are  the  molds  that  tend  to  grow  on  the  cheese  surfaces  and  into 
cracks  or  trier  holes.  Even  cheeses  that  depend  partly  on  a  specific  mold 
for  ripening  may  be  damaged  by  other  molds.  Most  natural  cheeses 
have  rinds  that  ser\’e  as  some  protection  to  the  anaerobic  interior,  but 
usually  are  not  dry  enough  to  prevent  mold  growth.  The  aciditv  of  the 
cheese  is  no  deterrent  to  growth,  and  the  storage  temperature  is  not  too 
low  for  such  growth.  Most  molds  grow  in  colored  colonies  on  the  surface 
or  in  crevices,  without  much  penetration  into  the  cheese,  but  some  kinds 
produce  actual  rots.  Not  only  are  discolorations  evident,  but  also  ofl- 
fiavors  are  produced  locally.  Among  the  molds  that  grow'  on  cheese 
surfaces  are  the  following:  (1)  Species  of  Oospora  {Geotrichum). 
Oospora  (Geotrichum)  lactis,  called  the  “dairy  mold,”  grow's  on  soft 
cheeses,  and  during  ripening  sometimes  suppresses  other  molds,  as  well 
as  surface-ripening  bacteria.  The  curd  gradually  becomes  licjuefied  under 
the  felt.  O.  ruhriim  and  O.  Crustacea  give  a  red  coloration,  and  ().  auri- 
anticum  gives  orange  to  red  spots.  O.  caseovorans  causes  “cheese  cancer 


of  Swiss  and  similar  cheeses.  Bumps  of  grow'th  become  filled  w'ith  a 
w'hite,  chalky  mass.  (2)  Species  of  Cladosporium.  The  mycelium  and 
spores  of  these  molds  are  dark  or  smoky  and  give  dark  colors  to  the 
cheese.  Most  common  is  C.  herharum,  characterized  by  dark-green  to 
black  colors.  Other  species  cause  green,  browm,  or  black  discolorations. 
(3)  Species  of  PenicilUum.  P.  puherulum  and  other  green-spored  species 
grow  in  cracks,  crevices,  and  trier  holes  of  Cheddar  and  related  cheeses 
to  give  a  green  coloration  because  of  their  spores.  They  may  act  on 
annatto  to  cause  mottling  and  discoloration.  P.  ca.sei  causes  yellow’ish- 
browm  spots  on  the  rind,  and  P.  aurantio-virens  discolors  Camembert 
cheese.  (4)  Species  of  Monilia.  M.  nigra  produces  penetrating  black 
spots  on  the  rind  of  hard  cheeses.  Species  of  many  other  genera  m»i\ 
discolor  cheeses  and  give  off-flavors,  e.g.,  the  genera  Scopulariopsis, 
Aspergillus,  Mucor,  Alternaria,  etc. 

If  the  surface  is  sufficiently  moist,  yeasts  may  form  colored  colonies 
or  areas,  and  film  veasts  mav'pave  the  way  for  the  yellow  to  red  growth 
of  Brevihacterium  linen.s.  The  latter  is  desired  in  some  surface-ripened 
cheeses  but  not  in  others. 
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CHAPTER  25 


Spoilage  of  Miscellaneous  Foods 


Most  of  the  foods  to  be  discussed  in  this  cliapter  are  of  plant  origin, 
althougli  part  of  the  fats  and  oils  comes  from  animals.  The  sugar,  acids, 
and  flavoring  materials  used  in  soft  drinks  are  chieflv  of  plant  origin, 
hut  some  synthetic  flavoring  or  coloring  compounds  may  he  employed. 

FATTY  FOODS 
Fats  and  Oils 

The  fatty  parts  of  foods,  the  foods  made  up  chieflv  of  fats  and  oils, 
and  the  fats  and  oils  themselves  are  subject  more  often  to  chemical  spoil¬ 
age  than  to  microbial.  Besides  the  fattv  glycerides,  natural  fats  and  oils 
usually  contain  small  amounts  of  fattv  acids,  glvcerol  or  other  lifjuid  al¬ 
cohols,  sterols,  hvdrocarbons,  proteins  and  other  nitrogenous  compounds, 
phosphatides,  and  carotinoid  pigments.  The  chief  tvpes  of  spoilage  result 
from  hvdrolvsis,  o.xidation,  or  combinations  of  the  two  processes.  The 
terms  applied  to  the  different  tvpes  of  spoilage  often  are  used  rather 
loosely,  although  when  applied  to  the  deterioration  of  a  specific  kind  of 
fat  or  oil  thev  mav  have  a  definite  meaning.  The  term  ranciditv  some- 
times  is  used  for  the  result  of  any  change  in  fats  or  oils  that  is  accom¬ 
panied  by  undesirable  flavors,  regardless  of  the  cause.  The  spoilage  due 
to  oxidation,  chemical  or  microbial,  is  termed  oxidative  rancidity,  as  dis¬ 
tinguished  from  changes  resulting  from  hydrolysis,  by  lipases  originally 
present  or  by  those  from  microorganisms,  causing  hydrolytic  ranci{lity. 
Extensive  oxidation,  usuallv  following  hvdrolvsis  and  the  release  of  fattv 
acids,  can  result  in  ketonic  ranciditv.  Flavor  reversion  is  defined  as  the 
appearance  of  objectionable  flavors  from  less  oxidation  than  is  needed  to 
produce  ranciditv.  Oils  that  contain  linolcnic  acid,  fish  and  \  egetable  oils, 
for  example,  are  subject  to  flavor  rev’crsion. 

The  oxidation  of  fats  and  oils  may  be  catalyzed  by  various  metals  and 
rays,  and  moisture,  as  well  as  by  microorganisms,  and  such  oxidation  is 
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prevented  or  delayed  by  natural  or  added  antioxidants.  Hydrolysis  by 
lipases  results  in  fatty  acids  and  glycerol  or  other  alcohols.  Fats  sub¬ 
jected  to  either  or  both  of  these  types  of  changes  may  contain  fatty  oxy- 
and  hvdroxy-  acids,  glycerol  and  other  alcohols,  aldehydes,  ketones,  and 
lactones,  and,  in  the  presence  of  lecithin,  may  include  trimethylamine, 

with  its  fishy  odor. 

Butterfat  and  meat  fats  become  “tallowy”  as  the  result  of  oxidation, 
but  butterfat  is  called  rancid  when  only  hydrolysis  to  fatty  acids  and 
glycerol  has  taken  place. 

Some  of  the  pigments  produced  by  microorganisms  are  fat-soluble  and 
therefore  can  diffuse  into  fat  to  produce  discolorations  ranging  through 
yellow,  red,  purple,  and  brown.  Best  known  is  the  stamping-ink  dis¬ 
coloration  of  meat  fat,  that  Jensen  and  cownrkers  have  shown  to  be 
caused  by  yellowy-pigmented  micrococci  and  bacilli.  The  fat-soluble  pig¬ 
ment  is  an  oxidation-reduction  indicator  that  changes  from  yellow^  to 
green  to  blue  and  finally  to  purple  as  the  fat  becomes  more  oxidized 
by  the  peroxides  formed  by  the  bacteria.  Yelknv,  pink,  and  red  fat-soluble 
pigments  may  be  produced  bv  vairious  bacteria,  yeasts,  and  molds. 

Bacteriostatic  and  bactericidal  properties  havn  been  claimed  for  many 
of  the  fixed  vegetable  and  animal  oils,  but  most  of  these,  as  wnll  as  the 
fats,  can  be  hvdrolvzed  and  oxidized  bv  microorganisms.  These  fattv 
materials  ordinarily  are  very  low^  in  moisture,  a  condition  that  fa\'ors 
molds  more  than  other  microorganisms.  Molds  have  been  found  to  cause 
both  oxidative  and  hvdrolytic  decomposition  that  result  in  rancidity. 
Bacteria  causing  rancidity  of  butter  have  been  shown  to  cause  a  similar 
defect  in  olive  oil.  Among  the  bacteria  that  can  decompose  fats  are 
species  of  Pseudomonas,  Micrococcus,  Bacillus,  Serratia,  Achromohacfer, 
and  Proteus;  and  among  the  molds,  species  of  Gcofrichum,  Penicillium, 
Aspergillus,  Cdadosporium,  and  Monilia.  Some  veasts,  especiallv  film 
yeasts,  are  lipolytic.  Copra  and  cocoa  butter  may  be  spoiled  by  molds. 

Salad  Dressings 

Salad  dressings  contain  oil,  wyhich  may  become  oxidized  or  hvdrolyzed, 
and  enoTigh  moisture  to  permit  microbial  growyth.  For  the  most  part, 
howyever,  their  acidity  is  too  great  for  most  bacteria,  ranging  froin  aliout 
pH  3  to  4,  but  favorable  for  yeasts  or  molds.  Egg  or  egg  products,  pickles, 
relish,  pimientos,  sugar,  starch,  gums,  gelatin,  spices,  and  other  ingredi¬ 
ents  may  add  microorganisms,  sometimes  in  appreciable  numbers,  and 
may  make  the  dressings  better  media  for  microbial  growth.  The  three 
types  of  spoilage  of  mayonnaise  and  similar  dressings  are  (1)  separation 
of  the  oil  or  water  from  the  emulsion,  (2)  oxidation  and  hydrolysis  of 
the  oils  by  chemical  or  biological  action,  and  ( 3 )  grow'th  of  microorganisms 
to  produce  gas,  off-flavors,  or  other  defects.  Darkening  often  takes  place. 


316 


Spoilage  of  Foods 

I  lie  decomposition  of  salad  dressings  and  related  products  can  he 
caused  hy  bacteria,  yeasts,  or  molds.  The  acidity,  coupled  with  the  sugar 
content,  about  4.0  percent  on  the  average  in  the  moisture  of  mayonnaise, 
is  most  favorable  to  yeasts,  which  have  been  reported  to  cause  gassiness. 
Species  of  ZygosaccJiaroinijces  and  Sacchawnujccs  have  spoiled  mayon¬ 
naise,  salad  dressing,  and  French  dressing.  Bacteria  would  have  to  he 
acid-tolerant  to  spoil  most  t^’pes  of  dressing.  Therefore  it  is  not  unex¬ 
pected  to  learn  of  a  heterofermcntative  lactohacillus  resembling  Lac'io- 
hacilliis  hrevis  causing  gas  in  a  salad  dressing.  More  surprising  is  the 
report  of  species  of  Bacillus,  e.g.,  B.  su])filis  and  B.  incgatcrium,  as  or¬ 
ganisms  causing  gas,  rancidity,  and  separation,  since  they  are  not  tolerant 
of  mucli  acidity.  Yeasts  growing  with  B.  tuegaferium  could  account  for 
the  gas.  Darkening  and  separation  of  Thousand  Island  dressing  with  a 
pH  of  4.2  to  4.4  by  B.  vulgatiis  from  the  pepper  and  paprika  hav'e  been 
reported.  Molds  can  grow'  on  salad  dressings  if  air  is  a\’ailahle  and  are 
favored  hy  the  addition  of  starch  or  pectin  to  the  dressing. 

Essential  Oils 

Essential  oils  or  volatile  oils  are  defined  hv  Jacobs  as  “the  products 
obtained  from  the  plant  kingdom  in  wiiich  the  odoriferous  and  flavoring 
characteristics  are  concentrated.”  These  present  no  spoilage  problems, 
hut  on  the  contrary  mav  have  some  preservative  action  as  ingredients  of 
foods,  e.g.,  mustard  oil  and  cinnamon  oil. 


BOTTLED  BEVERAGES 

Bottled  beverages  mav  he  alcoholic  or  nonalcoholic,  carbonated  or  un- 
carhonated,  and  acid  or  nonacid.  The  spoilage  of  alcoholic  beverages 
wall  he  discussed  in  Chapter  28.  The  ease  with  w’hich  the  nonalcoholic 
beverages  will  spoil  and  the  type  of  spoilage  to  he  expected  wall  depend 
upon  the  composition  of  the  soft  drink.  Carhonation  is  inhihitorA’  or  even 
germicidal  to  some  microorganisms  hut  not  to  others,  and  the  acidity 
residting  from  carhonation  and  the  addition  of  acids,  e.g.,  citric,  lactic, 
phosphoric,  tartaric,  and  malic,  inhibits  the  growth  of  organisms  not 
tolerant  to  aciditv.  Nonacid  drinks  like  root  beer  and  sarsaparilla  are 
better  culture  media  for  spoilage  organisms  than  acid  drinks,  such  as 
the  cola  drinks,  ginger  ale,  and  fruit-flavored  drinks.  The  ingredients  of 
soft  drinks  not  only  affect  the  suitability  for  microbial  growth  hut  also 
can  affect  the  kinds  and  numbers  of  microorganisms  present  and  hence 
the  likelihood  of  spoilage  organisms  being  added.  In  addition,  the  bottles 
and  closures  are  jmssihle  sources  of  contamination.  The  w’ater  for  soft 
drinks  is  purified  in  regard  to  carbonate  and  mineral  content  and  filtered. 
The  filtration  process  may  remove  microorganisms,  or,  in  the  instance 
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of  a  badly  contaminaled  filter,  add  them.  Ultraviolet  irradiation  some- 
times  is  used  to  destroy  microorganisms  in  the  water.  Discoloration  of 
water  and  a  flocciilent 'precipitate  may  be  caused  by  growth  of  algae. 
Treatment  with  chlorine  or  chlorine  dioxide  has  been  recommended  to 
kill  the  algae  and  filtration,  e.g.,  through  diatomaceous  earth,  to  remove 
the  flocculent  dead  cells. 

Yeasts  are  the  most  likely  causes  of  spoilage  of  soft  drinks,  for  most 
such  beverages  are  acid  and  contain  sugar.  One  worker  found  85  percent 
of  1,500  spoiled  samples  of  carbonated  beverages  had  been  spoiled  by 
yeasts.  Since  the  sugars  are  a  possible  source  of  yeasts,  the  American 
Bottlers  of  Carbonated  Beverages  have  set  a  standard  of  not  more  than 
10  yeasts  per  10  grams  of  dry  sugar.  Fruit  concentrates  are  another 
possible  source  of  yeasts. 

Cloudiness  and  ropiness  are  other  types  of  spoilage  of  soft  drinks. 
Cloudiness  will  result  from  marked  growth  of  various  yeasts  or  bacteria, 
and  ropiness  from  the  development  of  capsulated  bacteria,  most  of  which 
seem  to  be  of  the  genus  Bacillus.  Bacteria  may  enter  from  ingredients, 
bottles,  or  closures.  An  Achromohacter  sp.  was  found  responsible  for  a 
musty  odor  and  taste  in  root  beer. 

Since  molds  must  have  air,  they  cannot  grow  on  carbonated  beverages, 
but  may  develop  at  the  surface  of  uncarbonated  ones  containing  air 
above  the  liquid.  They  mav  come  from  sugar,  coloring  materials  or 
flavoring  materials,  from  the  air,  or  from  bottles  or  closures. 


SPICES  AND  OTHER  CONDIMENTS 

The  spices  are  not  subject  to  spoilage  normally,  although  mold  growth 
during  their  drying  may  give  them  a  heavy  load  of  mold  spores.  As  has 
been  mentioned,  treatment  of  the  spices  with  ethylene  oxide  greatly  re¬ 
duces  their  content  of  microorganisms. 

Prepared  mustard  has  been  reported  spoiled  by  yeasts  and  bv  species 
of  Proteus  and  Bacillus,  usually  with  a  gassy  fermentation.  Horse-radish 
seldom  spoils,  but  on  the  contrary  is  bacteriostatic  to  bactericidal.  The 
spoilage  of  vinegar  is  discussed  in  Chapter  28. 

REFERENCES 

Appleman,  M.  D.,  E.  P.  Hess,  and  S.  C.  Rittenberg:  An  investigation  of  a 
mayonnaise  spoilage.  Food  Technol,  3:  201-203  (1949). 

Connor,  J.  W.:  Mayonnaise  spoilage,  Canad.  Food  Inds.,  21  (4):  27  (1950). 
Fabian,  F.  W.,  and  Mary  C.  Wethington:  Spoilage  in  salad  and  French  dress¬ 
ing  due  to  yeasts.  Food  Research,  15;  13.5-137  (1950). 

Goresline,  H.  E.,  and  Committee:  Bottled  l)everages.  Am.  Public  Health  Assoc. 
Year  Book  1941-1942,  pp.  96-100. 


Spoilage  of  Foods 

Hammer,  B.  W.:  “Dairy  Bacteriology,”  3d  ed.,  John  Wiley  &  Sons,  New  York, 
1948. 

Insalata,  N.  F.:  Balking  algae  in  beverage  water.  Food  Eiw,  24  (12)-  72-74 
197  (December,  1952).  ^  • 

•  These  bacteria  checks  prevent  beverage  spoilage.  Food  Eiw  28  (4)- 
84-86  (April,  1956).  &  i  w 

Jensen,  L.  B.:  “Microbiology  of  Meats,”  3d  ed.,  chap.  9,  Garrard  Press,  Cham¬ 
paign,  111.,  1954. 

and  D.  P.  Grettie:  Action  of  microorganisms  on  fats.  Food  Research 
2:  97-120  (1937). 

Lehmann,  D.  L.,  and  B.  E.  Byrd:  A  bacterium  responsible  for  a  musty  odor 
and  taste  in  root  beer.  Food  Research,  18:  76^78  (1953). 

Mc.Michael,  C.  E.,  and  A.  E.  Bailey:  Edible  Fats  and  Oils,  in  M.  B.  lacobs 
(ed.):  “The  Chemistry  and  Technology  of  Food  and  Food  Products,” 
2d  ed.,  chap.  25,  Interscience  Publishers,  Inc.,  New  York,  1951. 


CHAPTER  26  Spoilage  of  Heated  Canned  Foods 


It  has  been  pointed  out  in  Chapter  /  tliat  tlie  lieat-treatinents  ^iven 
foods  for  tlieir  preservation  may  vary  from  a  mild  pasteurization  treat¬ 
ment,  as  for  milk  or  fruit  juice,  to  an  attempt  to  sterilize  by  steam  under 
pressure,  as  for  canned  vegetables  or  soups.  Obviously,  the  milder  the 
heat-treatment  administered,  the  less  heat-resistant  the  microorganisms 
will  need  to  be  to  survive  and  the  greater  will  be  the  numbers  and  kinds 
of  surviv'ors.  There  is  alwavs  the  possibility  that  a  surviving  organism 
may  grow  and  cause  spoilage  if  environmental  conditions  permit. 


CAUSES  OF  SPOILAGE 

Spoilage  of  heated  foods  may  have  a  chemical  cause  or  a  biological 
/cause,  or  both.  The  most  important  kind  of  chemical  spoilage  of  canned 
foods  is  the  hydrogen  swell,  resulting  from  the  pressure  of  hydrogen  gas, 
released  by  the  action  of  the  acid  of  a  food  on  the  iron  of  the  can.  Hy¬ 
drogen  swells  are  favored  by  ( 1 )  increasing  acidities  of  foods,  ( 2 )  in¬ 
creasing  temperatures  of  storage,  (3)  imperfections  in  the  tinning  and 
lacquering  of  the  interior  of  the  can,  (4)  a  poor  exhaust,  and  (5)  the 
presence  of  soluble  sulfur  and  phosphorus  compounds.  Other  defects, 
caused  by  interaction  between  the  steel  base  of  the  can  and  the  con¬ 
tained  food  include  ( 1 )  discoloration  of  the  inside  of  the  can,  ( 2 )  dis¬ 
coloration  of  the  food,  (3)  production  of  off-{^a^^ors  in  the  food,  (4) 
cloudiness  of  licpiors  or  sirups,  (5)  corrosion  or  perforation  of  the  metal, 
and  (6)  loss  in  nutritive  value. 

Biological  spoilage  of  canned  foods  by  microorganisms  may  result 
from  either  or  both  of  two  causes :  ( 1 )  survival  of  organisms  after  the 
administration  of  the  heat-treatment  antlf2)  I^ikage  ot  tRe  container 
after  the  heat  process,  permitting  the  cntrance  of  organisms.  Mild  heal- 
treatments  may  be  only  enough  to  permit  the  successful  storage  of  the 
foods  for  limited  periods  with  aid  of  another  preservative  method  such  as 
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refrigeration.  Surviving  microorganisms  are  likely  to  be  of  several  kinds 
and  may  even  include  vegetative  cells.  Processing  of  meat  loaves  and 
pasteurization  of  milk  are  e.xamples  of  such  mild  heat  processes.  .\cid 
foods,  such  as  fruits,  usually  are  filled  into  the  can  hot  or  are  processed 
at  temperatures  approaching  100°C  (212°F),  treatments  which  result 
in  the  killing  of  all  v^egetative  cells  of  bacteria,  yeasts,  and  molds  and 
their  spores,  and  some  bacterial  spores.  The  onlv  survivors  ordinariK’ 
are  spores  of  bacteria,  which  cannot  grow  in  a  verv  acid  food.  .Anv  sur¬ 
vivors  of  heat-treatments  by  steam  under  pressure  are  ver\'  heat-resistant 
bacterial  spores,  usually  only  one  or  two  kinds. 

Microorganisms  entering  through  leaks  in  containers  may  be  of  \’arious 
kinds,  not  necessarily  heat-resistant  pjays.  The  most  common  source  of 
contamination  through  leakage  in  canned  foods  is  the  cooling  water 
through  which  the  cans  pass  after  the  heat  process.  The  air  also  can  be 
5~sburce  of  organisms,  although  ordinarilv  it  is  not  an  important  one. 
Spoilage  resulting  from  leakage  of  the  container,  then,  will  be  caus(‘d 
by  the  organisms  or  combination  of  organisms  that  happen  to  enter.  The 
organisms  may  be  low  in  heat  resistance,  and  spoilage  may  result  from 
the  growth  of  one  kind  of  organism  or  of  several  kinds. 


.APPE.AH.WCE  OF  THE  UNOPENED  CONT.VINER 

Normallv  the  ends  of  a  can  of  food  are  termed  “flat,”  which  means  that 
thev  are  actuallv  slightlv  conca\'e;  and  a  partial  vacuum  exists  within  the 
container.  If  pressure  dev^elops  inside,  the  can  goes  through  a  series  of 
distortions  as  the  result  of  increasing  pressures  (Figure  26-1)  and  is 
called  successively  a  flipper,  springer,  soft  swell,  or  hard  swell.  .\  flij^pcr 
has  flat  ends,  one  of  which  will  become  convex  when  the  side  of  the  can 
is  struck  sharply  or  the  temperature  of  the  contents  is  increased.  A 
springer  has  both  ends  of  the  can  bulged,  but  one  or  both  ends  will  stay 
concave  if  pushed  in;  or  if  a  swollen  end  is  pushed  in,  an  opposite  flat 
end  will  pop  out.  The  terms  flipper  and  springer  are  used  by  some  to 
designate  slight  pressures  in  the  can  not  caused  by  gas  production  but 
bv  such  things  as  a  poor  exhaust,  overfilling,  denting  of  the  can,  changes 
in  temperature,  etc.(  but  the  can  ma\'  have  the  same  outvv'ard  character¬ 
istics  at  the  start  of  gas  production  from  either  a  microbial  or  a  chemical 
cause  or  both.  A  soft  swell  has  both  ends  of  the  can  bulged,  but  the  gas 
pressure  is  low'  enough  that  the  ends  can  be  dented  by  pressure  of  the 
fingers.  A  hard  swell  has  such  high  gas  pressure  from  within  that  the 
ends  are  too  hard  to  dent  by  hand.  Often  the  high  gas  pressures  distort 
or  buckle  the  ends  or  sidt'  seam  of  the  cans.  The  final  step  is  the  bursting 
of  the  can,  usuallv  through  the  side  seam,  but  sometimes  through  the 
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seals  at  the  ends.  A  breather  is  a  can  with  a  minute  leak  that  permits  air 
to  move  in  or  out,  but  does  not  necessarily  allow  microorganisms  to  enter. 

Other  defects  in  the  general  appearance  of  the  can  are  noted  before 
and  after  it  is  opened:  dents,  which  may  be  responsible  for  a  flipper;  rust; 
perforations;  defective  side  seam  or  end  seals;  and  corrosion. 

The  glass  container  of  food  under  gas  pressure  may  have  its  cover 
bulged  or  popped  off,  or  may  show  leakage  of  food  through  the  broken 
seal.  Of  course,  it  is  possible  to  see  any  evidences  of  microbial  giowth 


Fig.  26—1.  Normal  can  of  food  and  swells:  (A)  normal  can  with  concave  ends;  (B) 
swollen  can  with  ends  bulged  out;  ( C )  swollen  can  with  leakage  where  seams  are 
breaking;  (D)  a  burst  can.  {Coui-tcsy  of  Harper  is-  Brothers,  Frotii  W.  B.  Sarles  et 
al.,  Microbiology:  General  and  Applied,  2d  ed.,  copyright,  1956.) 


through  the  glass  sides,  such  as  gas  bubbles,  cloudiness,  and  films  of 
growth. 


GROUPING  OF  CANNED  FOODS  ON  THE  BASIS  OF  ACIDITY 

The  acidity  of  canned  foods  is  important  in  determining  the  heat  proc¬ 
ess  necessary  for  their  sterilization  and  the  tvpe  of  spoilage  to  be  ex¬ 
pected  if  the  process  is  inadequate  or  leakage  takes  place.  Various  group¬ 
ings  of  canned  foods  have  been  made  by  workers  of  the  National  Canners 
Association,  always  with  a  division  into  the  less-acid  foods,  with  the  pH 
above  4.5,  and  a  rnore-acid  group,  with  the  pH  below  4.5  (see  Chapter 
Cameron^  classifi^  canned  vegetaH^  into  four  groups  on  the  basis 


’  E.  J.  Cameron,  J.  Assoc.  Offic.  Agr.  Cdiemists,  23:  607-608  ( 1940). 
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of  their  pH.  For  convenience  other  foods  have  f)een  included  in  the 
groups,  which  follow: 

Group  I.  Low-acid  foods,  with  a  pH  above  S.lyPeas,  corn,  and  lima 
beans  are  vegetables  iiv  this  group.  Meats,  fish,  and  poultry  also  are  in 
this  pH  range. 

Group  H.  Medium-acid  foods,  with  a  pH  between  5.3  and  4.5.  Spinach, 
asparagus,  beets,  and  pumpkin  usually  are  withiii^this  range. 

Group  HI.  Acid  foods,  with  a  pH  between  4.5  and  3.7.  Tomatoes, 
pea^,  and  red  cabbage  have  this  acidity. 

Group  iV.  Hi^-acid  foods,  with  a  pH  below  3.7.  Sauerkraut  and  ber¬ 
ries  are  exaipi^tes. 

Some  of  the  vegetables  and  fruits  have  pH  values  near  the  border  lines 
of  divisions  between  groups.  Pumpkin,  carrots,  spinach,  asparagus,  green 
beans,  and  beets  might  be  in  Group  I  or  II,  and  fruit  cocktail,  peaches, 
apricots,  and  sliced  pineapple  might  be  in  Group  III  or  IV.  Some  foods 
may  be  artificially  acidified  before  canning,  e.g.,  onions  and  artichokes. 


TYPES  OF  BIOLOGICAL  SPOILAGE  OF  CANNED  FOODS 

Types  of  spoilage  of  canned  foods  by  microorganisms  usually  are 
divided  into  those  caused  by  thermophilic  bacteria  and  those  caused  by 
mesophilic  microorganisms.  Other  methods  of  classification  of  kinds 
of  spoilage  are  based  on  the  kinds  of  changes  produced  in  the  food,  e.g., 
putrefaction,  acid  production,  gas  formation,  blackening,  etc.  Types  of 
spoilage  also  may  be  grouped  on  the  basis  of  the  kinds  of  foods  inv'olv'ed. 

The  three  most  important  kinds  of  biological  spoilage  of  commercially 
canned  foods  ( described  later )  are  flat  sour  spoilage,  T.A.  spoilage, 
and  putrefaction.  A  fourth  important  kind  of  spoilage,  caused  by  action 
of  food  acid  on  the  iron  of  the  can,  results  in  a  hydrogen  swell. 


Types  of  Spoilage  by  Thermophilic  Sp^Q-forming  Bacteria 

Most  spoilage  of  commercially  heat-processed  canned  foods  resulting 
from  imderprocessing  is  caused  by  thermophilic  bacteria,  because  their 
spores  are  more  heat-resistant  than  those  of  most  mesophilic  bacteria. 
The  three  chief  tvpes  of  spoilage  by  thermophiles  are  flat  sour  spoilage. 


“T.A.”  spoilage,  and  sulfide  spoilage. 

Flat  Sou/Spoila^e.  This  kind  of  spoilage  derives  its  name  from  the 
fact  that  the  ends  of  the  can  of  fogcLrenudn  “flat,”  that  is,  luive  a  normal 
concavitv,  diirin^“spuring,”  or  the  development  of  lacti^_acid  in  the 
food  by  the  flat  sour  bacte^ria.  Because  the  can  retains  a  normal  outward 
appearaTic^MHirL'pe  of  spoilage  cannot  be  detected  by  e.xamination  o 
the  unopened  can' but  must  be  detected  by  cultural  methods.  The  spoil* 
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age  occurs  chiefly  in  low-acid  foods,  such  as  peas  or  corn  (Group  I), 
where  any  of  a  number  of  species  of  Bacillus  may  be  concerned,  but  can 
be  caused  in  acid  foods,  e.g.,  tomatoes,  by  a  special,  facultativ^^ 
philic  flat  sour  bacterium.  Bacillus  thermoacidiirans  (^me  as  the  b. 
coflgu/«nr'’wHIch^^  canned  evaporatecTmilk ) .  The  various 

species  of  Bacillus  that  are  able  to  form  acid  without  gas  m  foods  may 
be  mesophiles,  facultative  thermophiles,  or  obligate  thermophiles.  The 
spores  of  the  mesophiles  are  the  least  heat-resistant  and  usually  are 
killed  by  the  heat  processing  and  hence  are  rarely  concerned  with  flat 
sour  spoilage.  The  spores  of  the  thermophiles,  on  the  other  hand,  aie 
considerably  more  heat-resistant  and  may  survive  the  heat  process  to 
cause  flat  sour  spoilage.  The  surviving  obligate  thermophiles  would  not 
cause  spoilage  unless  the  food  were  held  hot  for  a  while,  as  in  slow  cool¬ 
ing  or  storage  in  the  tropics,  but  facultative  thermophiles  could  grow 
at  ordinary  temperatures.  B.  sfearofhermophilus  and  B.  pepo  have  been 
identified  as  species  of  flat  sour  bacteria.  The  immediate  source  of 
the  flat  sour  bacteria  is  usually  the  plant  equipment,  e.g.,  the  blanchers, 
but  they  may  come  originally  from  sugar,  starch,  or  soil. 

“T.A.”  Spoilage.  The  bacterium  causing  this  type  of  spoilage  has  been 
nicknamed  “T.A.,”  which  is  short  for  “thermophilic  anaerobe  not  pro¬ 
ducing  hydrogen  sulfide,”  or  for  the  species  Clostridjuin  thernwsaccliaro- 
li/ticum.  This  is  a  sugar-splitting,  obligately  thermophilic,  spore-forming 
anaerobe  that  forms  acid  and  gas  in  low-  and  medium-acid  foods  ( Groups 
I  and  II).  The  gas,  a  mixture  of  carbon  dioxide  and  hvdrogen,  swells  the 
can  if  it  is  held  long  enough  at  a  high  temperature,  and  may  eventually 
cause  bursting.  The  spoiled  food  usually  has  a  sour  odor.  Since  the 
organism  does  not  form  colonies  readily  in  agar,  it  is  detected  usuallv  bv 
the  inoculation  of  liquid  media,  such  as  liver  corn  mash,  liver  broth  with 
lumps  of  liver,  or  thioglycollate  broth,  incubation  at  55°G,  and  examina¬ 
tion  for  gas  production  and  a  sour  odor.  Sources  are  the  same  as  for  flat 
sour  bacteria. 

Sulfide,  or  “Sulfur  Stiukerf’  Spoilage.  This  spoilage,  caused  bv  C/o.s- 
tridium  nigrificans,  is  found,  and  then  uncommonly,  in  low-acid  foods 
Jike-^mas^-amLcorn.  The  spores  of  this  bacterium  have  considerably  less 
heat  resistance  than  those  of  flat  sour  and  T.A.  bacteria  and  hence  their 
appearance  in  canned  foods  is  indicative  of  gross  underprocessing.  The 
organism  is  an  qbhgnfi^__thermophile  and  therefore  also  rcfjuires  poor 
cooling  of  the  heat-processed  foods  or  hot  storage  for  its  development. 
It  is  detected  by  means  of  black  (FeS)  colonies  it  forms  in  an  iron-sulfite 
agar  at  55°C.  Hydrogen  sulfide,  formed  in  the  canned  peas  or  corn,  is 
evident  by  odor  when  the  can  is  opened.  In  corn,  a  bluish-gray  liquid 
is  evident  in  which  blackened  germs  and  gray  kernels  of  corn  float.  Peas 
usually  give  the  HoS  odor,  but  without  any  marked  discoloration.  Sources 
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of  the  spores  are  similar  to  those  for  flat  sour  and  T.A.  bacteria,  but 
manure  also  can  be  an  original  source. 

Types  of  Spoilage  by  Mesophilic,  Spore-forming  Bacteria 

Most  spoilage  by  mesophilic  microorganisms  that  results  from  under¬ 
processing  is  caused  by  spore-forming  bacteria  of  the  genera  Bacillus 
and  Clostridium,  but  lightly  heated  foods,  e.g.,  some  acid  ones,  may  per¬ 
mit  the  surviv'al  of  and  spoilage  by  non-spore-forming  bacteria  or  even 
yeasts  or  molds. 

Spoilage  hi/  Mesophilic  Clostridium  Species.  Species  of  Clostridium 
may  be  saccharolytic,  e.g.,  C.huttiricum  and  C.  pa.steurianum,  and  cause 
the  butyric  acid  type  of  fermentation  in  acid  or  medium-acid  foods,  with 
swelling  of  the  container  by  the  carbon  dioxide  and  hydrogen  gas  pro¬ 
duced.  Other  species,  like  C.  sporogenes,  C.  putrefaciens,  and_C.  hotu- 
linum,  are  proteolytic  or  putrefactive.  decomposii^jDrQteins  with  the  pro¬ 
duction  of  malodoroiis  compounds  such  as  hydrogen  sulfide,  mercapt^s, 
ammonia,  indo^,  and  skatole.  The  putrefactive  anaerobes  also  produce 
carbon  dioxide  an^Mivdrogen  to  swell  the  can.  The  spores  of  some  of 
the  putrefactive  anaerobes  are  very  heat-resistant;  therefore  putrefaction 
joins  flat  sour  and  T.A.  spoilage  to  comprise  the  chief  types  of  biological 
spoilage  of  canned  foods  resulting  from  underproccssing. 

Because  the  spores  of  the  saccharolytic  clostridia,  sometimes  called 
“butyrics,”  have  a  comparatively  low  heat  resistance,  spoilage  by  these 
anaerobes  takes  place  mostly  in  canned  foods  which  have  been  processed 
at  212°F’  (1()0°C)  or  less,  as  are  many  of  the  commercially  canned  acid 
foods,  and  the  home-canned  foods  processed  by  the  hot  water,  flowing 
steam,  or  oven  method.  Thus  the  canned  acid  foods,  such  as  pineapple, 
tomatoes,  and  pears,  hav^e  been  found  spoiled  by  Clostridium  pa.steuri¬ 
anum.  Such  spoilage  is  more  likely  when  the  pH  of  the  food  is  above  4.5. 
Home-canned  foods  heated  to  about  212°F  also  are  spoiled  by  the  sac¬ 
charolytic  bacteria  with  the  production  of  butyric  acid,  carbon  dioxide, 
and  hvdrogen. 

The  putrefactive  anaerobes  grow  best  in  the  low-acid  canned  foods 
(Group  I),  such  as  peas,  corn,  meats,  fish,  and  poultry,  but  on  rare  oc¬ 
casions  may  spoil  medium-acid  foods  (Group  II).  One  of  the  putrefiers, 
Clostridium  hotulinum,  is  a  cause  of  food  poisoning  and  will  be  discussed 
in  Chapter  30. 

Spoilage  hi/  Mesophilic  Bacillus  Species.  Spores  of  various  species 
of  Bacillus  differ  considerably  in  their  heat  resistance,  but  in  general 
the  spores  of  the  mesophilcs  are  not  as  resistant  as  those  of  the 
thermophiles.  Spores  of  many  of  the  mesophilcs  are  killed  in  a  short 
time  at  212  F  or  less,  but  a  few  kinds  can  survive  the  heat-treatments  em¬ 
ployed  in  steam  pressure  processing.  The  spores  that  survive  do  not  nec- 
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essarilv  cause  spoilage  for  they  may  find  conditions  in  the  can  of  food 
unfavorable  for  germination  and  growth.  Many  species  of  Bacdlus  are 
aerobic  and  therefore  cannot  grow  in  a  well-evacuated  container.  The 
food  may  be  too  acid  for  the  bacteria,  or  an  unfavorable  medium  other¬ 
wise.  There  have  been  reports,  however,  of  B.  subtil  is,  R  mesentericiis, — 
and  other  species  growing  in  low-acid  home-camSfToocfs  tTat  had  been 
given  a  heat  processing  at  212°F.  Commercially  canned  foods  have  been 
spoiled  bv  Bacillus  species,  especially  in  poorly  evacuated  cans.  Foods 
so  spoiled  have  been  mostly  canned  seafood,  meats,  and  evaporated 
milk.  Recently,  the  aerobacilli,  or  gas-forming  Bacillus  species  (B.  pohj- 
mijxa  and  B.  macerans) ,  have  been  reported  to  cause  spoilage  of  canned 
peas,  asparagus,  spinach,  peaches,  and  tomatoes,  but  there  is  some  doubt 
whether  they  survived  the  heat  process.  Entrance  may  have  been  through 
a  leak  in  the  container.  Spores  of  these  bacteria  have  about  the  same 
heat  resistance  as  those  of  Clostridium  pastcurianum. 

Spoilage  by  Non-spore-forming  Bacteria 

If  viable  non-spore-forming  bacteria  are  found  in  canned  foods,  either 
a  verv  mild  heat-treatment  was  used  or  the  bacteria  entered  the  container 
through  a  leak.  Vegetative  cells  of  some  kinds  of  bacteria  are  fairly  beat- 
resistant  in  that  they  can  withstand  pasteurization.  Among  these  “thermo- 
duric”  bacteria  are  the  enterococci,  Streptococcus  thermophilus,  some 
species  of  Micrococcus  and  Lactobacillus,  and  Microhacterium  species. 
Acid-forming  Lactobacillus  and  Leuconostoc  species  ha\^e  been  found 
growing  in  underprocessed  tomato  products,  pears,  and  other  fruits.  The 
heterofermentative  species  may  release  enough  COo  gas  to  swell  the  can. 
Micrococci  have  been  reported  in  meat  pastes  and  in  similar  products 
with  very  poor  heat  penetration,  and  Streptococcus  faecalis  or  S.  faecium 
is  often  present  in  canned  hams  that  are  only  partially  sterilized,  and  may 
be  responsil)le  for  spoilage  on  storage. 

Usually,  however,  the  presence  of  viable  non-spore^rming  bacteria  in 
heat-processed  canned  foods  is  indicative  of  leakage  of  the  container. 
Since  the  cooling  water  is  most  fref[uently  the  s^ourc^ of  contamination, 
types  of  bacteria  commonly  found  in  water  usually  cause  spoilage  of  the 
leaky  cans.  Some  of  these,  e.g.,  the  coliform  bacteria,  produce  gas  to 
swell  the  cans.  The  tiny  orifice  through  which  the  bacteria  enter  appar¬ 
ently  becomes  tightly  plugged  by  a  food  particle,  permitting  the  accumu¬ 
lation  of  gas  pressure  in  the  can.  It  should  be  noted  that  spore-forming 
bacteria  also  can  enter  the  can  through  a  leak,  so  that  the  aerobacilli  (B. 
nmcerans  and  B.  j)ohpm/xa)  or  the  clostridia  could  be  responsible  for  tbe 
gas  formation.  Often  non-gas-forming  bacteria  are  found  growing  in  the 
food  in  leaky  cans,  along  with  the  gas-former  or  by  themselves.  It  is  pos¬ 
sible,  of  course,  that  only  one  kind  of  bacterium  mav  enter,  so  that  an 
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apparently  pure  culture  would  be  growing.  Non-spore-forining,  non-gas- 
forining  bacteria  that  may  enter  include  those  in  the  genera  Pseudomo¬ 
nas,  Achromobacter,  Micrococcus,  Flavohactcrium,  Proteus,  and  others. 
Less  common  non-spore-formers  other  than  those  of  water  may  enter 
through  leaks  in  the  cans  and  cause  spoilage. 

Spoilage  by  Yeasts 

Since  yeasts  and  their  spores  are  killed  readily  by  most  pasteurization 
treatments,  their  presence  in  canned  foods  is  the  result  of  either  gross 
underprocessing  or  leakage.  Canned  fruits  jams,  jellies,  fruit  juices, 
sirups,  and  sweetened  condensed  millHiave  b^i  spoiled  by  fernientatne 
"yeasts  with  swelling  of  the  cans^By  the  COo  produced.  F’ilm  yeasts  may 
grow  on  the  surface  of  jelled,  pickled  pork,  repacked  pickles  or  olives, 
and  similar  products,  but  their  prpst^nce  indicates  recontamination  or 
lack  of  heat  processing,  plus  pooi>^acuation. 


Spoilage  by  Molds 

Molds  probably  are  the  most  common  cause  of  the  spoilage  of  home- 
canned  foods,  winch  they  enter  through  a  leak  in  the  seal  of  the  con¬ 
tainer.  Jams,  jellies,  marmalades,  and  fruit  butters  will  permit  mold 
growth  when  sugar  concentrations  are  as  high  as  70  percent  and  in  the 
acidity  usually  present  in  these  products.  It  has  been  claimed  that  ad¬ 
justment  of  the  soluble  extract  of  jam  to  70  to  72  percent  sugar  in  the 
presence  of  a  normal  0.8  to  1.0  percent  acid  will  practically  remove  the 
risk  of  mold  spoilage.  Strains  of  Aspergillus,  PenicilUum,  and  Citromijces, 
found  growing  in  jellies  and  candied  fruits,  have  been  found  able  to  grow 
in  sugar  concentrations  up  to  67.5  percent.  Acidification  to  pi  I  3  pre¬ 
vented  growth  of  the  first  two  molds,  and  heating  the  foods  at  90°C  for 
1  min  killed  all  strains.  Some  molds  are  fairly  resistant  to  heat,  especially 
those  forming  the  tightly  packed  masses  of  mycelium  called  sclerotia. 
BijssocJdanujs  fulva  is  a  pectin-fermenting  mold  that  has  ascospoies  that 
have  resisted  the  heat  processing  of  bottled  and  canned  fruits  and  have 
caused  spoilage.  The  high  sugar  content  of  sirups  about  fruits  helps  pro¬ 
tect  microorganisms  against  heat,  and  this  protective  effect  is  increased 
if  the  sugar  and  fruit  are  added  to  the  can  separately,  localizing  the  sugar 

during  processing. 

Spoilage  of  Canned  Foods  of  I^ifferent  .\cidities^^ 

The  previous  discussion  has  indicated  that  the  grouping  of  commer- 
ciallv  canned  foods  on  the  basis  of  pH  divides  them  also  on  the  basis  ot 
the  chief  types  of  spoilage  to  be  expected.  Thus  the  low-acid  foods  o 
Group  I,  with  a  pHj^ve  5.3,  are  es]X-cially  subject  to  flat  sour  spoikige 
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and  putrefaction.  The  medium-acid  foods  of  Group  11,  with  a  pH  be- 
tw'een  5.3  and  4.5,  are  likely  to  undergo  T.A.  spoilage.  Acid  foods  of 
Group  III,  with  a  pH  between  4.5  and  3.7,  usually  are  spoiled  by  a 
special  flat  sour  bacterium  {Bacillus  therinoacidurans)  or  by  a  saccharo- 
lytic  anaerobe.  High-acid  foods  of  Group  IV,  with  a  pH  below  3.7, 
ordinarily  do  not  undergo  spoilage  by  microorganisms,  but  in  cans  may 
become  liydrogen  swells  (as  may  canned  foods  in  Group  HI). 

It  has  been  noted  that  some  canned  foods  may  fall  into  either  of  two 
adjacent  pH  groups.  Therefore  some  lots  of  pumpkin,  carrots,  spinach, 
asparagus,  green  beans,  and  beets  may  be  low-acid  foods  ( Group  I )  and 
therefore  most  likely  to  undergo  flat  sour  spoilage,  while  other  lots  may 
be  medium-acid  foods  (Group  II)  and  therefore  subject  usually  to  T.A. 
spoilage.  When  the  pH  of  canned  pineapple,  pears,  pimientos,  and  chili 
is  above  4.5,  spoilage  by  saceharolytic  anaerobes  like  Clostridium  pas- 
teurianum  is  much  more  likely  than  when  the  pH  is  below  4.5. 

Unusual  Types  of  Spoilage  of  Canned  Foods 

Certain  types  of  spoilage  seem  to  be  limited  to  one  or  two  kinds  of 
food.  Sulfide  spoilage  has  been  reported  only  for  peas  and  sweet  corn. 
Black  beets  are  caused  by  the  mcsophilic  Bacillus  hctanigrificans  in  the 
presence  of  a  high  content  of  soluble  iron.  This  is  distinct  from  the  dark¬ 
ening  resulting  from  a  deficiency  of  boron  in  the  soil.  Bacillus  species 
can  cause  bitterness,  acidity,  and  curdling  in  canned  milk,  cream,  and 
evaporated  milk.  “Souring”  of  fish  and  other  seafood  may  result  from 
the  growth  of  species  of  Bacillus  in  poorly  evacuated  cans.  Putrefaction 
of  canned  fish  is  rare.  An  interesting  type  of  spoilage  is  the  gaseous  fer¬ 
mentation  that  causes  swelling  in  canned,  cured  meats.  Bacillus  species, 
acting  upon  the  nitrate-sugar-meat  medium,  produce  considerable 
amounts  of  COo  gas  from  the  sugar.  The  only  important  alkaline  canned 
vegetable,  hominy  (pH  6.8  to  7.8),  undergoes  flat  sour  spoilage  which 
is  characterized  by  a  sweetish  taste.  Canned  meats  and  poultry  are  more 
often  spoiled  by  putrefactive  than  by  the  saceharolytic  clostridia,  chiefly 
because  of  the  lower  heat  resistance  of  spores  of  the  latter. 

Sweetened  condensed  milk  may  become  gassy  because  of  the  growth 
of  yeasts  or  coliform  bacteria,  may  become  thickened  by  a  Micrococcus 
species,  or  may  exhibit  “buttons,”  which  consist  of  small  masses  of  my¬ 
celium  and  coagulated  milk,  usually  on  the  surface  of  the  milk.  The  size 

of  the  buttons  is  limited  by  the  quantity  of  free  oxygen  in  the  head  space 
of  the  can.  ^ 

A  scheme  for  file  diagnosis  of  the  eause  of  spoilage  of  a  canned  food 

IS  outlined  in  Figure  26-2.  This  scheme  applies  only  to  the  cominonlv 
encountered  types  of  spoilage. 
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butyric  mixed  aerohacilli 

fermentation  fermentation 
saeeharolytic  mixed  Hora 
anaerobes  (leakaf^e) 

Fig.  2f>-2.  Sebeme  for  diagnosis  of  cause  of  spoilage  of  a  canned  food. 


Spoilage  of  Heated  Canned  Foods 


329 


REFERENCES 

Artifex:  Further  investigations  in  jam  manufacture,  Food,  4:  412-414  (1935). 

Aschehoug,  V.,  and  E.  Jansen:  Studies  on  putrefactive  anaerobes  as  spoilage 
agents  in  canned  foods,  Food  Research,  15:  62-67  ( 1950). 

Baumgartner,  |.  G.:  “Canned  Foods:  An  Introduction  to  Their  Mierobiolog\-,” 
3d  ed.,  j.  &  A.  Churchill,  Ltd.,  London,  1949. 

Bowen,  J.  F.,  C.  C.  Strachan,  and  A.  W.  Moyls:  Further  studies  of  butyric 
fermentations  in  canned  tomatoes.  Food  TechnoL,  8:  471-473  (1954). 

Cameron,  E.  J.,  and  J.  R.  Esty:  Comments  on  the  mierobiolog\-  of  .spoilage  in 
canned  foods.  Food  Research,  5:  549—557  (1940). 

Humvicke,  R.  F.:  Bacteria  and  the  canning  industr\ ,  Food  Mannf.,  1:  19-20; 
2:179-180,184(1928). 

Jarvis,  N.  D.:  Spoilage  in  canned  fisherv  products,  Cannitig  Age,  21:  434-436, 
444,476-477(1940). 

Jensen,  L.  B.:  “Microbiolog\'  of  Meats,”  3d  ed.,  chaps.  11,  12,  13,  Garrard 
Press,  Champaign,  111.,  1954. 

Potter,  R.  S.:  Jam  troubles.  Food  Mannf.,  10:  232-233  (1935). 

Tanner,  F.  \V.:  “Microbiolog\’  of  Foods,”  2d  ed.,  chap.  23,  Garrard  Press, 
Champaign,  111.,  1944. 


PART  FOUR 


Foods  and  Enzymes  Produced  by  Microorganisms 


Microorganisms  theniseK^es  may  ser\e  as  food  or  feed,  may  be  em¬ 
ployed  in  the  preparation  of  special  nutrients,  siieh  as  organic  acids  or 
vitamins,  to  be  added  to  foods,  may  be  used  in  the  production  of  special 
foods  by  fermentation,  or  may  serve  as  sources  of  enzyme  mixtures  or 
single  enzymes  for  the  treatment  of  foods  during  processing.  The  ap¬ 
propriate  cultures  for  these  various  purposes  must  be  maintained,  usually 
in  pure  culture,  in  a  stable  yet  active  condition,  and  must  be  built  up  to 
considerable  volume  for  use  as  mass  or  bulk  cultures  for  a  particular 
process. 


CHAPTER  27  Production  of  Cidtures 

for  Food  Fermentations 


Microorganisms  necessary  in  food  fermentation  may  be  added  as  pure 
cultures  or  mixed  cultures,  or,  in  some  instances,  no  cultures  nii^  be 
added  if  the  desired  microorganisms  are  know’n  to  be  present  in  sufficient 
numbers  in  the  original  raw  material.  In  the  food  fermentations  discussed 
in  Chapter  12  for  the  manufacture  of  sauerkraut,  fermented  pickles,  and 
I  green  olives,  and  those  in  Chapter  28  for  the  processing  of  cocoa,  coffee, 

I  poi,  and  citron,  the  original  raw  product  carries  a  sufficiency  of  the  de¬ 
sired  organisms  and  these  will  act  in  proper  succession  if  favorable  en- 
I  vironmental  conditions  are  provided  and  maintained.  Therefore,  the  ad¬ 
dition  of  pure  or  mixed  cultures  of  the  organisms  responsible  for  the 
fermentations  has  not  been  found  necessarv  or  even  advantageous.  On 
I  the  other  hand,  controlled  “starter”  cultures,  pure  or  mixed,  usuallv  are 
employed  in  the  manufacture  of  certain  dair\'  products  (Chapter  16), 
such  as  fermented  milks,  some  kinds  of  butter,  and  most  tvpes  of  cheese, 
i  and  in  most  of  the  food  fermentations  discussed  in  Chapter  28,  e.g., 
j  bread,  malt  beverages,  wines,  distilled  li(|uors,  and  vinegar. 


GENERAL  PRINCIPLES  OF  CULTURE  MAINTENANCE 
AND  PREPARATION 

Selection  of  Cultures 

Cultures  for  food  fermentations  are  selected  primarilv  on  the  basis  of 
their  ability  to  produce  desired  products  or  changes  efficiently  and  of 
their  stability.  These  cultures  may  be  established  ones  obtained  from 
other  laboratories  or  may  be  selected  after  the  testing  of  numerous 
strains.  Staln'lity  is  an  important  characteristic;  yields  and  rates  of  changes 
must  not  be  erratic.  Some  cultures  may  be  improved  by  breeding,  e^g., 
the  sporogenous  yeasts,  but  selection  is  the  most  commonly  used  method 
for  the  improvement  of  strains. 
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Maintenance  of  Activity  of  Cultures 

Once  a  satisfactory  culture  has  been  obtained  it  must  be  kept  pure  and 
active.  Usually  this  objective  is  attained  by  periodic  transfer  of  the  cul¬ 
ture  into  the  proper  culture  medium,  incubation  until  the  culture  reaches 
the  maximum  stationary  phase  of  growth,  and  then  storage  at  temper¬ 
atures  low  enough  to  prevent  further  growth  and  high  enough  not  to 
harm  the  organism.  Too  frecpient  transfer  of  an  unstable  culture  may 
lead  to  undesirable  changes  in  its  characteristics. 

Also,  stock  cultures  should  be  prepared  for  storage  of  cultures  over 
long  periods  without  transfer.  Such  cultures  tend  to  remain  stable  and 
serve  as  a  source  of  culture  if  the  active  culture  deteriorates  or  is  lost. 
Lyophilization  (freeze  drying)  is  much  used  now  to  prepare  stock  cul¬ 
tures,  although  some  use  still  is  made  of  a  paraffin-oil  seal  over  ordinar\’ 
tube  cultures.  A  dry  spqr^  ^tock  on  sterilized  soil  can  be  used  to  preserve 
spores  of  bacteria  or  molds  for  long  periods. 

Maintenance  of  Purity  of  Cultures 

To  ensure  the  puritv  of  cultures  thev  should  be  obtained  periodically 
from  a  culture  company  or  be  checked  regularly  for  purity.  Methods  for 
testing  a  culture  for  puritv  will  vary  with  the  type  of  ^Iture- being  tested. 
Microscopic  examination  will  indicate  contamination  only  if  the  con- 
taminant  differs  from  the  desired  organism  in  iippeanmce  and  is  high  in 
uiimbers.  Another  metTio?rT?TDqp1afUT^  cultiire  with  an  agar  medium 
that  will  grow  contaminants  but  not  the  desired  organism.  Tests  may  be 
made  for  the  presence  of  substances  not  produced  by  the  desired  organ¬ 
ism,  e.g.,  for  catalase  in  a  culture  of  catalase-negative  lactic  acid  bacteria 
as  indicative  of  the  presence  of  catalase-positive  contaminants. 


Preparation  of  Cultures 

Mother  culture  is  prepared  daily,  usually,  from  a  previous  mother  cul¬ 
ture  and  originallv  from  the  stock  culture.  These  mother  cultures  can  he 
used  to  inoculate  a  larger  (juantity  of  culture  medium  to  produce  the  mass 
or  bulk  culture  to  be  used  in  the  fermentation  process.  Often,  however, 
the  fermentation  is  on  such  a  large  scale  that  several  intermediate  cultures 
of  increasing  size  must  be  built  up  between  the  mother  culture  and  the 
final  bulk  or  mass  culture.  The  culture  maker  attempts  to  produce  and 
maintain  a  culture  that  (1)  contains  only  the  desired  microorganism(s); 
(2)  is  uniform  in  microbial  numbers,  proportions  (if  a  mixed  culture), 
and  activity  from  day  to  day;  (3)  is  active  in  producing  the  products 
desired;  and  (4)  has  adecpiate  resistance  to  unfavorable  conditions,  if 
necessary,  e.g.,  heat  resistance,  if  it  has  to  take  heating  in  a  clu'ese  curd 
lie  tries  to  maiutaiu  uniformih-  by  standardizing  his  methods  of  prepara- 
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tion  and  sterilization  of  tlie  culture  medium,  of  inoculation,  and  of  in¬ 
cubation  temperature  and  time.  The  stage  of  growth  to  which  he  will 
grow  his  culture  will  depend  upon  the  purpose  for  which  it  is  to  be  used. 
If  he  wishes  prompt  and  rapid  growth,  he  uses  a  culture  that  is  late  in 
its  logarithmic  phase  of  growth.  If  he  washes  more  resistance  to  heat  oi 
other  unfavorable  conditions,  he  uses  a  culture  that  has  just  entered  the 
maximum  stationary  phase.  The  temperature  of  incubation  usually  is 
somew'here  near  the  optimum  temperature  for  the  organism,  although 
there  are  exceptions.  Temperature  and  time  of  incubation  often  are  ad¬ 
justed  so  that  the  culture  will  be  ready  at  the  time  it  is  needed.  Other¬ 
wise  it  may  have  to  be  cooled  to  stop  further  development. 

Activitv  of  Culture 

The  activity  of  a  culture  is  judged  by  its  rate  of  grow'th  and  production 
of  produc_^,  which  should  be  good  if  mother  or  intermediate  culture  is 
satisfactory  and  culture  medium  and  incubation  time  and  temperature 
are  optimum.  Deterioration  of  cultures  may  result  from  wrong  handling 
and  cultivation,  frequent  transfer  over  long  periods  in  an  inadequate 
culture  medium,  selection,  variation  or  mutation,  or  attack  of  bacteria 
by  bacteriophage. 

Mixed  Cultures 

Known  mixtures  of  pure  cultures  sometimes  are  prepared,  being  either 
growm  together  continuously  or  growm  separatelv  and  mixed  at  the  time 
of  use.  The  so-called  butter,  or  lactic,  culture  used  in  the  dairv  industry 
is  an  example  of  a  mixture  of  several  species  of  bacteria  growing  together 
t  and  sometimes  several  strains  of  individual  species.  When  different 
!  strains  of  the  same  species  or  different  species  are  growm  together,  these 
organisms  must  be  compatible,  that  is,  grow'  w'ell  together  w'ithout  one 
or  more  squeezing  out  the  others.  The  maintenance  of  the  desired  bal¬ 
ance  of  kinds  of  organisms  wdthin  these  mixed  cultures  is  difficult. 

Unknowm  mixtures  of  organisms  are  present  in  “starters”  used  in  some 
food  products.  An  example  is  the  dough  carried  over  from  one  lot  of 
special  French  bread  to  a  succeeding  lot,  or  the  inixture  of  yeasts  and 
bacteria  carried  from  the  surface  smear  of  one  Limburger  cheese  to  the 
surface  of  another. 


BACTERIAL  CULTURES 

Most  of  the  bacterial  eultures  that  are  employed  as  “starters”  for  dairv 
products,  sausage,  and  bread  are  pure  or  mixed  cultures  of  lactic  acid 
bacteria,  exceptions  being  the  propionic  acid  bacteria  added  to  Swiss 
cheese  and  the  surface-smear  organisms  on  some  t)'pes  of  cheese.  Acetic 
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acid  bacteria  are  used  in  \  inegar  making,  and  special  l)acteria  are  used 
for  the  manufacture  of  certain  enzymes. 


Lactic  Acid  Cultures 


Most  often  used  of  the  dairy  starters  is  the  common  butter,  or  lactic, 
starter,  which  ordinarily  consists  of  a.  mixture  of  strains  of  Streptococcus 
lactis  and  Streptococcus  cremoris  for  the  production  of  lactic  acid  and 
Leuconostoc  dextranicum  and  Leuconostoc  citrovorum  for  the  produc¬ 
tion  of  flayor  and  aroma.  Seyeral  strains  of  lactic  streptococci  of  difierent 
sensitivities  to  bacteriophage  usually  are  included  in  a  culture  as  some 
insurance  against  phage  trouble.  Leuconostoc  strains  often  are  included 
in  cultures  for  making  ripened  cheeses  because  the  combination  of  lactic 
streptococci  and  aroma-formers  seems  to  yield  a  better  acid-producing 
culture  than  a  pure  culture  of  a  lactic  streptococcus,  although  the  aroma- 
formers  ma\'  tend  to  cause  an  open  texture  in  the  cheese.  The  lactic  cul¬ 
ture  usually  is  incubated  at  about  72°F  (22.2°C),  although  75  to  (S0°F 
( 23.9  to  26.7°C )  has  been  emplov^ed  in  making  starters  for  cheese;  and 
the  culture  is  ripened  to  a  titratable  acidity  that  will  yary  with  the  pur¬ 
pose  for  w^iich  the  culture  is  to  be  used. 

The  mixed  lactic  culture  is  used  in  the  manufacture  of  cultured  butter¬ 
milk,  butter,  and  most  types  of  cheese  in  \yhich  the  curd  is  heated  at  a 
comparatiyely  lo\y  temperature,  e.g.,  cottage,  cream,  Limburger,  Ched¬ 
dar,  blue,  and  brick  cheese.  The  aroma  bacteria  are  especially  important 
in  flayor  production  in  cultured  buttermilk,  butter,  and  the  uncmx'd 
cheeses,  and  the  culture  must  be  handled  so  as  to  keep  these  bacteria 
numerous  and  actiye,  as  \yell  as  the  lactic  streptococci.  This  is  accom¬ 
plished  by  ripening  the  starter  to  a  fairlv'  high  acidity  in  both  mother 
and  bulk  starters,  0.85  percent  lactic  acid  or  higher.  On  the  other  hand, 
a  lovyer  acidity  that  \yould  fayor  the  aroma-formers  less  vyould  be  better 
for  a  starter  for  Cheddar  cheese. 

Although  some  dairy  plants  haye  their  owm  culture  that  they  have 
carried  successfully  for  years,  most  operators  obtain  a  new'  culture  peri¬ 
odically  from  a  culture  company.  Most  companies  distribute  dry  cultures 
prepared  from  milk  cultures  by  lyophilization,  or  freeze  drving.  A  hw 
cultures  still  are  distributed  as  liquid  milk  cultures,  but  such  cultures  are 
shorter-liyed  than  the  dry  kinds  and,  unless  fresh,  are  less  active.  The 
user  of  the  culture  activates  it  by  successive  transfer,  if  necessary,  and 
then  prepares  daily  mother  cultures  to  be  used  in  inoculating  the  larger 
bulk  cultures  for  making  a  dairy  product.  He  tries  to  maintain  a  uniform 
culture  that  is  active  in  acid  production,  and  in  aroma  production  if  that 


is  desired.  ^  cc 

High-temperature  lactic  acid  bacteria,  growing  best  at  (98.6  t  ) 

or  above  are  used  as  starters  for  cheeses  such  as  Swiss,  whose  curd  is 
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cooked  at  a  fairly  high  temperature,  and  for  manufacture 
Commonly  used  in  cheese  are  Streptococcus  thcrmophihis  and  a  then 
dnric  lactobacillns,  Lactobacillus  hidgaricus,  L.  lactis,  or  L.  helveticus. 
These  may  be  used  as  separate  pure  cultures,  or  the  streptococcus  may 
be  crrown'with  one  of  the  lactobacilli  in  milk  or  m  whey.  Or  the  chees 
maker  may  prepare  an  impure,  mixed  culture  by  pasteurizing  and  incu- 
batincr  whey  from  the  cheese  vat  or  kettle.  Dry  cultures  of  some  of  these 
species  now  are  available.  Lactobacillus  delbrueckii  or  Bacillus  coagulans 
is  employed  for  manufacture  of  lactic  acid  from  sucrose,  invert  sugar,  or 
glucose  and  Lactobacillus  bulgaricus  for  production  from  whey. 

As  mentioned  in  Chapter  28,  the  “sour”  used  by  the  maker  of  rye  bread 
is  a  varying  mixture  of  lactic  acid  bacteria  ordinarily  groxwi  in  mixed  and 
impure 'culUire  in  flour  paste,  dough,  or  other  medium.  It  is  claimed  that 
Lactobacillus  bulgaricus  must  grow  if  enough  acid  is  to  be  produced  and 
that  heterofermentative  lactics  are  desirable  from  the  standpoint  of  flavor 
production.  Some  makers  grow  pure  cultures  of  various  lactic  acid  bac¬ 
teria  to  inoculate  the  dough;  Streptococcus  lactis,  Leuconostoc  species, 
Lactobacillus  casci,  Lactobacillus  brevis.  Streptococcus  thermophilus, 
Lactobacillus  bulgaricus,  and  others.  Some  makers  also  add  yeasts. 

Pediococcus  cerevisiae  cultures  have  been  recommended  as  starter  for 
summer,  Thuringer,  and  similar  fermented  sausages.  Broth  cultures  or, 
preferably,  dried  cultures  have  been  prepared. 


Propionic  Culture 

Cultures  of  Propionibacterium  shermanii  have  been  added  as  lactose, 
peptone  broth  cultures,  or  dried  cultures  to  Sw  iss  cheese  to  improve  the 
flavor  and  assist  eye  formation.  Cultures  have  been  dried  by  the  spray¬ 
drying  process  or  by  lyophilization. 


Cheese  Smear  Organisms 

Most  cheese  makers  trust  to  contamination  of  the  surfaces  of  smear- 
ripened  cheese  from  previous  cheeses,  shelves,  cloths,  brine  tank,  hands, 
and  other  sources  in  the  plant.  The  micrococci,  Brevibacterium  linens, 
and  film  yeasts  important  in  the  smear  have  been  isolated,  however,  and 
used  in  pure  or  mixed  cultures  to  wash  the  cheese  surface  and  thus  to 
inoculate  it. 


Acetic  Acid  Bacteria 

Pure  cultures  of  vinegar  bacteria  have  not  proved  efficient  in  the  pro¬ 
duction  of  acetic  acid.  Therefore,  in  vinegar  making,  impure,  mixed  cul¬ 
tures  are  allowed  to  develop  naturally  as  in  the  home  method,  are  added 
by  means  of  law  vinegar  from  a  previous  run,  as  in  the  Orleans  process 
or  the  quick  process,  or  are  transferred  from  a  vinegar  cask  or  generator. 
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Other  Bacterial  Cultures 

Pure  cultures  of  selected  strains  of  bacteria  are  employed  for  specific 
purposes  in  other  parts  of  the  food  industries;  Acetohactcr  siil)0xidans 
for  the  oxidation  of  D-sorbitol  to  L-sorbose  in  the  manufacture  of  ascorbic 
acid  (vitamin  C);  Lciiconostoc  mesenteroides  in  the  production  of  dex- 
tran;  Bacillus  su])tiUs  in  the  production  of  a-amylase  and  protease,  etc. 


YEAST  CULTURES 


Most  yeasts  of  industrial  importance  are  of  the  genus  Saccharomyccs, 
and  mostly  of  the  species  S.  cercvisiae.  These  ascospore-forming  veasts 
lend  themselves  to  breeding  for  desired  characteristics,  but  by  the  same 
token  may  be  subject  to  natural  genetic  mutation.  Therefore,  a  yeast  for 
a  giv^en  purpose  mav  be  improved  for  that  use  but  must  also  be  obserx  ed 
for  possible  undesirable  changes. 


Bakers’  Yeast 


Strains  of  Saccharomyces  cercvisiae  to  be  used  in  the  manufacture  of 
bakers’  yeast  are  usuallv  single-cell  isolates  that  have  been  selected 
especiallv  for  the  purpose.  Thev  should  give  a  good  yield  of  cells  in  the 
mash  or  medium  chosen  for  their  cultivation,  should  be  stable  in  their 
characteristics,  should  remain  viable  in  the  cake  or  dried  form  for  a 
reasonablv  long  period  during  storage  before  use,  and  should  produce 
carbon  dioxide  rapidlv  in  the  bread  dough  when  used  for  leavening. 

As  with  other  cultures  used  on  a  large  scale,  this  culture  is  built  up 
from  the  original  mother  culture  through  several  intermediate  cultures 
of  increasing  size  to  the  final  “seed  ’  culture.  The  cells  from  the  seed-ctil- 
ture  tank  are  concentrated  into  a  “cream”  by  centrifugation,  and  this 
heavy  suspension  is  added  to  the  large  v'olume  of  mash  in  wTieh  the 
yeast  is  to  be  grown,  so  that  about  3  to  5  lb  of  yeast  are  added  per  KK) 
gal  of  medium. 

The  most  eommonlv'’  used  medium  for  the  build-up  of  cultures  and  the 


production  of  bakers  v'east  is  a  molasses— mineral-salts  mash  that  contains 
enough  molasses  to  give  a  final  concentration  of  7  to  9  percent  of  sugars, 
nitrogen  foods  in  the  form  of  ammonium  salts,  urea,  barley  si^routs,  etc., 
inorganic  salts  as  phosjdiates  and  other  mineral  salts,  and  accessorv' 
growth  substances  in  the  form  of  extracts  of  vegetables,  grain,  or  yeast, 
or  small  (juantities  of  vitamin  precursors  or  vitamins.  The  pH  is  adjusted 
to  about  4.3  to  4.5,  and  the  ineubation  temperature  is  around  30  C 
(S6:F).  During  growth  of  the  yeast  the  medium  is  aerated  at  a  rapid 
rate.  .After  four  or  five  budding  cycles,  the  yeast  is  centrihiged  out  m  the 
form  of  a  “cream,”  which  is  put  through  a  filter  press  to  remove  excess 
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liquid.  The  mass  of  yeasts  is  made  into  cakes  of  different  sizes  after  in¬ 
corporation  of  small  amounts  of  vegetable  oils. 

Active  dry  yeast  now  is  made  by  drying  the  yeast  cells  to  less  than  8 
percent  moisture.  Cells  so  dried  are  grown  especially  for  the  purpose  and 
are  dried  carefully  at  low  temperatures  so  that  most  of  the  cells  will 
surx’ive  and  during  storage  at  room  temperature  will  retain  for  some 

months  their  ability  to  actively  leaven  dough. 

Bakers’  yeast  also  can  be  prepared  from  grain  mashes,  waste  sulfite 
liquor  from  paper  mills,  wood  hydrolyzate,  and  other  materials. 

Yeasts  for  Malt  Beverages 

Yeasts  for  malt  beverages  may  be  carried  in  pure  culture  in  brewery 
laboratories  or  obtained  when  needed  from  specialized  laboratories.  The 
strain  selected  is  one  intended  for  the  product  to  be  made,  a  special 
bottom  veast  for  beer,  usually  a  top  yeast  for  ale  but  sometimes  a  bottom 
yeast,  and  a  top  yeast  for  stout  and  porter.  Most  of  the  yeasts  are  strains 
of  Saccharomt/ces  cerevisiac,  although  Saccharoimjccs  carJshcr^ensis  is 
used  by  some  brewers  for  beer.  When  the  veast  is  started  from  a  pure 
I  culture  it  must  be  built  up  in  wort  from  a  laboratory  culture  to  a  final 
large  seed  or  “pitching”  culture  by  usual  methods.  In  practice,  howe\'er, 
the  pitching  yeast  is  nearly  always  yeast  recovered  from  a  pre\'ious  fer¬ 
mentation.  The  recovered  veast  is  concentrated  and  may  or  may  not  be 
washed.  It  is  obvious  that  such  a  yeast  culture  will  alwavs  be  contami- 
!  nated  with  other  organisms,  which  ordinarily  include  bacteria  and  wild 
yeasts  that  build  up  during  successive  fermentations  and  recoveries. 
Fortunately,  most  of  the  contaminants,  although  able  to  grow  in  the 
yeast  culture,  are  inhibited  by  the  hops  and  low  pH  in  the  wort  and  do 
not  damage  the  malt  beverage  appreciablv.  It  is  possible,  howe\'er,  for 
organisms  causing  “beer  diseases”  (see  Chapter  28)  to  build  up  in  the 
pitching  yeast. 

Wine  Yeasts 

For  wine  making,  a  special  strain  of  Saccharomi/ces  cerevisiae  var. 
elJipsoideiis,  adapted  to  the  making  of  the  specific  tvpe  of  wine,  is  se¬ 
lected.  Famous  types  are  the  Burgundy,  Tokay,  and  champagne  cultures 
so  widely  used.  The  cultures  are  grown  and  built  up  in  volume  in  must 
(juice  of  the  grape  or  other  fruit)  like  that  to  be  used  in  the  main 
fermentation. 

Distillers’  Yeast 

Distillers’  yeast  ordinarily  is  a  high-alcohol-yielding  strain  of  Saccluifo- 
myces  cerevisiae  var.  ellipsoideus,  usually  one  adapted  to  growing  in  the 
medium  or  mash  to  be  employed.  The  medium  or  mash  would  be'malted 
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grain,  usually  corn  or  rye  for  whiskey,  molasses  for  rum,  or  juices  or 
mashes  of  fruits  for  brandy.  The  li(|uors  are  distillates  of  the  fermented 
mashes. 


MOLD  CULTURES 

Stock  cultures  of  molds  usually  are  carried  on  slants  of  a  suitable  agar 
medium,  e.g.,  malt-extract  agar,  and  may  be  preserved  in  the  spore  state 
for  long  periods  by  Ivophilization  (freeze  drying)  or  as  soil  stocks  (see 
page  334).  There  are  a  number  of  different  ways  of  preparing  spore  or 
mycelial  cultures  for  use  on  a  plant  scale.  These  include  (1)  surface 
growth  on  a  licjuid  or  agar  medium  in  a  flask  or  similar  container;  (2) 
surface  growth  on  media  in  shallow  layers  in  trays;  (3)  growth  on  loose 
moistened  wheat  bran  which  may  be  acidified  or  may  have  li(jmd  nutri¬ 
ent  added,  e.g.,  corn-steep  licjuor;  (4)  growth  on  previously  sterilized 
and  moistened  bread  or  crackers;  or  (5)  growth  by  the  submerged 
method  in  an  aerated  licjuid  medium,  usually  resulting  in  pellets  com¬ 
posed  of  mycelium,  with  or  without  spores.  The  mold  spores  are  recov¬ 
ered  in  different  ways,  depending  upon  the  method  of  production.  1  hey 
may  be  washed  or  drawm  from  clry  surfaces,  may  be  left  in  dr)'  material 
that  is  ground  up  or  powdered,  or  for  convenience  in  use  may  be  incorpo¬ 
rated  in  some  drv  powder,  e.g.,  flour.  Ihe  pellets,  of  course,  are  used  as 

such. 

Spores  of  Penicillitim  roqiieforti  for  blue  cheeses,  Ro(jucfort,  Stilton, 
Gorgonzola,  etc.,  usually  are  grown  on  cubes  of  sterilized,  moistened,  and 
usually  acidified  bread;  whole  wheat  or  bread  of  a  special  formula  may 
be  employed.  After  the  sporulation  of  the  mold  is  complete,  bread  and 
cidture  are  dried,  powdered,  and  packaged,  commonly  in  cans. 

Penicillium  camemherti  spores  are  prepared  by  growing  the  mold  on 
moistened  sterile  crackers.  A  spore  suspension  is  prepared  for  the  inocu¬ 
lation  of  the  surface  of  the  Camembert,  Brie,  or  similar  cheese. 

Mold  starters  to  be  used  as  inoculum  in  industrial  fermentations  where 
products  are  to  be  produced  by  the  submerged  method  usually  are  pre¬ 
pared  in  the  form  of  pellets  or  masses  of  mycelium  that  are  produced 
during  submerged  growth  while  the  culture  is  being  actively  shaken. 
\Uhen  surface  growth  is  desired  on  liipiid  or  agar  medium  or  on  bran, 
mold  spores,  produced  by  the  methods  listed  above,  ordiiiiirilv  st  r\  t  iis 

the  inoculum. 

The  koji,  or  starter,  for  soy  sauce,  described  in  the  next  chapter,  usu¬ 
ally  is  a  mixed  culture  carried  over  from  a  previous  lot,  although  pure 
cuitures  of  Aspergillus  on/zac,  together  with  a  yeast  and  Lnctohacdlus 
dclhrticckii  have  been  used.  The  mold  culture  is  grown  on  cooked,  steri¬ 
lized  rice. 
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CHAPTER  28 


Food  Fermentations 


The  preservation  of  cabbage,  cucumbers,  and  green  olives  by  means  of  a 
lactic  acid  fermentation  has  been  discussed  in  Cliapter  12.  These  fer¬ 
mentations  not  onlv  aid  in  the  preservation  of  the  foods  but  also  result 
in  distinctive  new  food  products  that  are  in  demand  because  of  their  new 
characteristics  of  appearance,  body,  and  flavor.  Most  of  the  fermentations 
to  be  discussed  here  are  to  make  new  and  desired  products,  and  presei- 
vative  effects  are  incidental.  The  fermentations  may  be  by  yeasts,  bac¬ 
teria,  molds,  or  combinations  of  these  organisms.  In  the  making  of  the 
first  group  of  food  products,  bread,  beer,  wine,  and  distilled  lifjuors,  fer¬ 
mentation  by  yeasts  is  of  primary  importance,  leasts  and  bacteria  are 
involved  in  the  manufacture  of  vinegar  from  sugar-bearing  materials,  and 
bacteria  chiefly  in  the  production  of  fermented  milks.  Molds  are  impor¬ 
tant  in  the  preparation  of  some  of  the  Oriental  foods. 


BREAD 

Microorganisms  are  useful  in  two  chief  ways  in  breadmaking:  (1)  they 
may  produce  gas  to  “leaven”  or  raise,  the  dough,  gi\mg  the  bread  the 
desired  loose,  porous  te.xture;  and  (2)  they  may  produce  desirable  flavor¬ 
ing  substances.  They  also  may  function  in  the  “conditioning’  of  the 

dough,  to  be  discussed  later. 


Leavening 

Leavening  of  clougl.  nsnally  is  iicconiplislicd  In’  means  of  bread  yeasts 
(Cliaiiter  27),  which  ferment  tlic  sugars  in  tlic  dongli  to  produce  mainly 
carbon  dioxide  anti  alcohol.  However,  other  actively  gas-forming  miero- 
organisms,  such  a,s  wild  veasts,  coliform  bacteria,  .saccbarolvtic  Closlru  - 
i„m  species,  beterofermentative  lactic  acid  bacteria,  anti  v.irions  natnrallv 
occurring  mixtures  of  these  organisms  have  been  used  instead  ol  lireat 
veasts  for  leavening.  Leavening  also  may  be  accomplished  by  the  dirett 

342 


343 


Food  Fermentations 

incorporation  of  gas  ( CO, )  in  the  dough,  or  by  the  addition  of  chemicals 

that  yield  gas.  j  i  j  4.^ 

Leavenino  by  Bread  Yeasts.  The  primary  function  of  yeasts  added  to 

the  bread  dough  is  the  fermentation  of  sugar  to  produce  carbon  dioxide 
to  leaven  or  raise  the  dough.  There  is  little  or  no  growth  during  the  hrst 
2  hr  after  the  yeast  is  added  to  the  dough,  but  some  growth  in  2  to  4  hr, 
if  that  much  time  is  allowed  before  baking,  and  then  a  decline  in  growt  i 
in  4  to  6  hr.  Fermentation  by  the  yeast  begins  as  soon  as  the  dough  (or 
sponge)  is  mixed  and  continues  until  the  temperature  of  the  oven  in¬ 
activates  the  yeast  enzymes.  The  professional  baker  adds  a  considerable 
amount  of  yeast  and  has  a  comparatively  short  making  time.  Modern 
trends  in  home  baking  are  toward  the  addition  of  an  excess  of  yeasts  so 
that  the  fermentation  may  be  even  shorter  than  in  commercial  practice. 
These  short-time  processes  encourage  little  or  no  growth  of  yeast  during 
the  fermentation  process.  Older  home  methods  involved  the  use  of  less 
yeast  or  less  effective  veast  and  therefore  resulted  in  a  longer  making 
time  and  some  opportunitv  for  yeast  and  bacterial  growth.  During  the 
fermentation,  “conditioning”  of  the  dough  takes  place  when  the  flour  pro¬ 
teins  (gluten)  mature,  that  is,  become  elastic  and  springy,  and  therefore 
capable  of  retaining  a  maximum  amount  of  the  carbon  dioxide  gas  pro- 
I  duced  by  the  veasts.  The  conditioning  results  from  action  on  the  gluten 
I  by  ( 1 )  proteolvtic  enzvmes  in  the  Hour,  from  the  yeast,  from  the  malt, 

:  or  added  otherwise;  and  (2)  the  reduction  in  pH  by  acids  added  and 
formed.  Fungal  enzvmes  have  been  employed  to  aid  this  action.  Dough 
I  conditioners,  sometimes  called  yeast  foods,  that  are  added  include  am- 
I  monium  salts  to  stimulate  the  yeasts  and  various  salts,  e.g.,  KBrO:;,  KIO3, 

!  Ca02,  and  (NH4)2S208,  to  improve  dough  characteristics. 

Although  the  sugar  in  the  flour  added  to  the  bread  mix  plus  that  pro- 
I  duced  by  the  action  of  the  flour  amvlase  may  prox  ide  enough  sugar  for 
1  the  yeast  fermentation,  most  formulas  call  for  the  addition  of  more  sugar 
or  of  amylase-bearing  malt.  Rate  of  gas  production  bv  the  veasts  is  in¬ 
creased  by  the  addition  of  ( 1 )  more  yeast;  ( 2 )  sugar,  or  amvlase-bearing 
malt;  and  (3)  yeast  food,  within  limits.  It  is  decreased  bv  (1)  the  addi¬ 
tion  of  salt,  (2)  the  addition  of  too  much  yeast  food,  and  (3)  the  use  of 
too  high  or  too  low  temperatures.  The  main  objectives  of  the  baker  dur¬ 
ing  leavening  are  to  have  enough  gas  produced  and  to  have  the  dough 
in  such  a  condition  that  it  will  hold  the  gas  at  the  right  time. 

In  the  sponge  method  of  making,  part  of  the  ingredients  of  the  bread 
are  mixed  at  74  to  76°F  (23.3  to  24.4°C)  and  allowed  to  ferment  to  the 
desired  maturity.  Then  the  rest  of  the  ingredients  are  added  and  the 
fermentation  is  continued  until  the  dough  is  in  the  desired  condition.  In 
the  straight-dough  method  of  making,  all  the  ingredients  are  mixed  at 
78  to  82°F  (25.6  to  27.8°C).  The  fermentation  room,  where  the  dough 


344 


Fooch  and  Enzymes  Produced  by  Microorganisms 

is  held  lor  most  of  the  leavening  process,  is  usually  held  at  ahont  80  F 
(26.7'^C).  These  temperatures  arc  fav'orahle  to  the  yeast  fermentation. 
Recently,  a  “licjuid-ferment”  process  has  been  described  to  replace  the 
conventional  sponge  operation  (see  McCdiee,  et  al).  In  this  process  most 
of  the  yeast  is  added  to  part  of  the  ingredients  of  the  dough,  is  allowed 
to  ferment  there,  and  is  kept  active.  Later  the  rest  of  the  ingredients  are 
added,  and  the  leavening  proceeds  later  in  the  newly  formed  loaf. 

Leavenino  hy  Other  Microorganisms.  As  has  been  stated,  leavening 
can  be  accomplished  by  gas-forming  organisms  other  than  the  bread 
yeasts.  Breads  leavened  by  dough  carried  over  from  a  previous  making, 
as  for  certain  special  breads  and  sour-dough  bread,  carrv  a  mixture  of 
coliform  bacteria  and  wild  yeasts,  the  former  being  the  more  ellectiv’e. 
Heterofermentative  lactic  acid  bacteria  and  saccharolvtic  anaerobes  also 
can  take  part  in  the  leavening.  Salt-rising  bread  is  leavened  by  “salt¬ 
rising  yeast,”  as  well  as  by  microorganisms  from  the  ingredients;  it  also 
may  utilize  bakers’  veast.  In  some  cases  a  succession  of  on^anisms  leaven, 
flav'or,  and  modifv  dough,  such  as  in  the  production  of  soda  crackers, 
where  a  3-  to  4-hr  fermentation  is  followed  bv  action  bv  lactic  acid 
bacteria. 

Leavening  hy  Chemicals.  Leavening  of  dough  may  be  accomplished 
by  chemical  agents  instead  of  bv  microorganisms,  but  the  product  cannot 
be  called  bread,  according  to  standards  of  identitv  which  specify  yeast 
leavening.  Carbon  dioxide  gas  mav  be  incorporated  directly  into  the 
dough;  or  baking  powders,  which  are  combinations  of  chemical  com¬ 
pounds  that  release  gas  when  mixed  into  the  dough,  may  be  employed 
for  leavening.  Self-rising  flour  contains  both  the  acidic  and  basic  com¬ 
ponents  of  baking  powder,  which  react  upon  moistening. 

Flavor  Production 

Yeasts  are  reported  to  contribute  to  the  flav’or  of  bread  through  prod¬ 
ucts  released  during  the  fermentation  of  sugars,  although  most  workers 
beliewe  that  yeasts  add  little  or  no  flavor,  especially  in  bread  made  by 
the  rapid  methods  now  emploved.  Alcohol,  acids,  esters,  and  aldehydes 
are  products  that  might  add  desirable  flavors.  Most  experts  maintain, 
however,  that  bacteria  growing  in  the  dough  can  contribute  the  most  to 
flavor.  Too  little  time  is  allowed  in  the  usual  industrial  leavening  and 
working  process  for  the  bacteria  to  grow  enough  to  appreciably  aflect 
the  flavor,  but  the  longer  time  available  during  the  older  methods  of 
making  in  the  home  permits  enough  bacterial  growth  for  a  considerahle 
production  of  desirable  flavors.  Dough  leavened  by  means  of  a  prev  ious 
lot  of  dough  mav  receive  a  good  inoculum  of  desirable  flavor-producing 
bacteria  in  this  wav'.  Some  special  brands  of  bread,  made  in  this  m«mner, 
are  famous  for  their  characteristic  flavors. 
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Most  of  the  flavor  in  bakers’  bread,  then,  comes  from  the  ingredients 
and  the  changes  in  them  dining  baking.  If  enough  time  is  given  previous 
to  baking  for  the  gro\\4h  of  bacteria,  they  may  add  to  the  flavor,  as  may 
tlie  yeasts  to  a  lesser  extent.  Flavoring  substances  so  develciped  may  in¬ 
clude  alcohol,  biacetyl,  isoalcoliols,  and  lactic  and  succinic  acids  anc 

their  esters. 

The  Baking  Process 

.\lthough  the  interior  of  the  loaf  does  not  (jiiite  reach  212°F  (100  C) 
during  baking,  the  heat  serves  to  kill  the  yeasts,  inactixaite  their  enzymes 
and  those  of  the  flour  and  malt,  expand  the  gas  present,  and  set  the  struc¬ 
ture  of  the  loaf.  Baking,  besides  producing  the  appearance  of  the  loaf, 
also  contributes  desirable  fla\'ors.  It  drixes  oil  most  of  the  alcohol  and 
other  volatile  substances  formed  by  the  yeasts,  but  contributes  substances 
such  as  furfural,  pvrin'ic,  and  other  aldehydes,  and  other  compounds  that 
add  to  the  flavor.  The  most  important  change  in  bread  during  baking  is 
gelatinization  of  starch,  which  makes  the  product  edible.  Set  of  bread 
results  from  this  process,  in  which  gluten  gix'es  structural  support  in  the 
dough,  but  starch  supports  the  structure  of  baked  bread. 

Rye  Bread 

Rye  bread  may  be  made  with  or  without  a  starter,  or  “sour,”  but  only 
the  tvpe  made  with  starter  is  of  interest  here.  The  old  method  of  prepar¬ 
ing  sour  depended  upon  the  bacteria  naturally  present  in  a  mixture  of 
rve  flour  and  water.  The  mixture  was  allowed  to  ferment  for  5  to  10  hr; 
then  more  flour  and  water  were  added  and  the  fermentation  was  con¬ 
tinued  for  an  additional  5  or  6  hr;  then  this  was  repeated  several  times. 
Half  of  the  finally  produced  sour  was  incorporated  in  the  sponge  or 
dough  for  the  bread  and  the  rest  carried  over  to  start  a  new  sour.  This 
sour  was  modified  by  some  bakers  bv  the  addition  of  yeasts  and  of  lactic 
acid  bacteria  from  cultured  buttermilk  or  Bulgarian  buttermilk  to  a  sour 
that  was  made  anew  daily.  It  is  obvious  that  the  sours  described  would 
lack  uniformity. 

Modern  methods  involve  adding  considerable  amounts  of  cultures  of 
acid-forming  bacteria  to  the  dough  mass  to  be  used  as  a  sour  and  con¬ 
trolling  the  time  of  fermentation  (18  to  24  hr)  and  the  temperature  of 
incubation  (about  25°C,  or  /  i°F).  Too  high  an  incubation  temperature, 
e.g.,  32  to  35°C  (89.6  to  95°F)  favors  the  growth  of  undesirable  gas- 
formers,  such  as  coliform  and  butyric  bacteria.  Some  have  recommended 
inoculation  with  low-temperature  lactics,  such  as  Streptococcus  inefis, 
Lactobacillus  casei,  and  L.  brevis.  Others  use  high-temperature  lactics, 
e.g.,  Lactobacillus  btilgaricus  and  Streptococcus  tbermophilus.  Some, 
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probably  mistakenly,  advise  inoculation  also  with  acetic  acid  bacteria. 
Part  of  the  sour  is  held  over  to  start  a  new  sour  for  the  next  day,  and  a 
fresh  sour  is  started  about  everv  5  days. 

The  starter  imparts  a  desired  tangx'  or  sour  flavor  to  the  rve  bread  that 
is  not  given  by  the  addition  of  lactic  and  acetic  acids. 


MALT  BEVERAGES 

Beer  and  ale  are  the  principal  malt  beverages  produced  and  consumed 
in  this  country  and  will  be  the  ones  discussed  here.  They  are  made  of 
malt,  hops,  yeasts,  water,  and  malt  adjuncts.  The  malt  is  prepared  from 
barley  grains  which  have  been  germinated  and  dried,  and  then  the 
sprouts  or  germs  removed.  Hops  are  the  dried  flowers  of  the  hop  plant. 
The  malt  adjuncts  are  starch-  or  sugar-containing  materials  added  in  ad¬ 
dition  to  the  carbohydrates  in  the  malt.  Starch  adjuncts  include  corn  and 
corn  products,  rice,  wheat,  barlev,  sorghum  grain,  soylx'ans,  cassava, 
potatoes,  etc.,  with  the  first  two  used  most.  Saccharine  adjuncts  are  ma¬ 
terials  like  sugars  and  sirups. 


Brewing  of  Beer 

The  manufacture  of  beer  will  be  outlined  briefly  as  an  example  of  the 
brewing  process. 

Malting.  In  the  preparation  of  malt,  barley  grains  are  soaked,  or 
“steeped,”  at  50  to  60°F  (10  to  15.6°C),  germinated  at  60  to  70°F  (15.6 
to  21. PC)  for  5  to  7  days,  and  dried  to  about  5  percent  moisture.  The 
sprouts  or  germs  are  removed,  and  the  malt  remains.  The  malt,  a  source 
of  amylases  and  proteinases,  is  ground  before  use. 

MasJiing.  The  purpose  of  the  mashing  process  is  to  make  soluble  as 
much  as  possible  of  the  valuable  portions  of  the  malt  and  malt  adjuncts, 
and  especially  to  cause  hydrolysis  of  starches  and  other  polysaccharides 
and  of  proteins  and  their  split  products.  First,  the  main  malt  mash  is  pre¬ 
pared  by  mixing  the  ground  malt  with  water  at  38  to  50°C  ( 100.4  to 
122°F).  To  this  are  added  the  cooked,  starchy  malt  adjuncts  in  water, 
which  are  at  about  100°C  (212°F)  after  a  Iwiling  or  cooking  under 
steam  pressure.  This  brings  the  temperature  of  the  resulting  cereal-malt 
mash  to  about  65  to  70°C  (149  to  158°F),  at  which  temperature  sac¬ 
charification  (production  of  sugars  from  the  starch)  takes  place  \Hthni 
a  short  time.  Then,  an  increase  in  temperature  to  about  75^C  (l6Pf) 
inactivates  the  enzvmes.  Insoluble  materials  that  settle  to  the  bottom  of 
the  container  ser\'e  as  a  filter,  so  that  the  li(juid  that  emerges,  calkd 
wort,  is  clear.  special  “lauter”  tub  may  be  used  for  this  filtration.  Rins¬ 
ings  from  the  filtering  material  are  added  to  the  wort.  Next,  hops  are 
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added  to  the  wort  to  constitute  the  liquid  from  which  the  final  wort  is  to 
be  prepared  for  fermentation. 

Boiling  the  Wort  with  Hops.  The  liquid  containing  wort  plus  hops  is 
boiled  for  about  2.5  hr,  after  which  it  is  filtered  through  the  hop  residues. 
In  this  way  the  hop  solids  and  precipitated  proteins  are  removed.  The 
precipitate  is  washed  with  hot  water  to  remove  most  of  the  soluble  ma¬ 
terial,  and  the  washings  are  added  to  the  original  filtrate.  The  resulting 

mash  or  wort  is  ready  for  fermentation. 

The  boiling  of  the  wort  with  hops  has  a  number  of  purposes:  (1)  to 
concentrate  it,  (2)  to  practically  sterilize  it,  (3)  to  inactivate  enzymes, 
(4)  to  extract  soluble  substances  from  the  hops,  (5)  to  coagulate  and 
precipitate  proteins  and  other  substances,  (6)  to  caramelize  the  sugar 
slightly,  and  (7)  to  contribute  antiseptic  substances  to  the  wort  and  the 
beer.  Extracted  from  the  hops  are  the  bitter  acids  and  resins,  which  aid 
in  flav^or,  stabilitv,  and  head  retention  of  the  beer;  essential  oil,  which 
adds  a  little  flavor;  and  tannins,  which  are  removed  as  much  as  possible, 
because  they  may  be  responsible  for  poor  flavors  and  haziness  in  the 
beer. 

Fermentation.  A  special  beer  yeast  of  the  bottom  type,  a  strain  of  Sac- 
charonu/ces  carlshergensis  or  S.  cerevisiae,  is  used  for  the  inoculation  or 
“pitching”  of  the  cooled  wort.  The  pitching  yeast  ordinarilv  has  been 
recovered  from  a  previous  fermentation.  A  fairly  heavv  inoculum,  about 
1  lb  per  barrel  of  beer,  is  employed.  The  temperature  of  the  wort  during 
the  fermentation  differs  in  different  breweries  but  is  low,  usuallv  being 
in  the  range  from  38  to  57°F  (3.3  to  14°C).  Some  brewers  maintain  the 
temperature  at  about  38  to  40°F  (3.3  to  4.4°C),  while  others  start  with 
a  low  temperature  and  raise  it  later.  The  fermentation  is  complete  within 
8  to  14  days,  usually  in  8  to  10  days. 

During  the  fermentation,  the  yeast  converts  the  sugar  in  the  wort 
chiefly  to  alcohol  and  carbon  dioxide,  plus  small  amounts  of  glvcerol  and 
I  acetic  acid.  Proteins  and  fat  derivatives  yield  small  amounts  of  higher 
alcohols  and  acids,  and  organic  acids  and  alcohols  combine  to  form 
aromatic  esters.  As  the  carbon  dioxide  is  evolved  in  increasing  amounts 
the  foaming  increases;  then  later  it  decreases  to  none  when  the  fermenta¬ 
tion  has  concluded.  At  a  later  stage  the  bottom  yeasts  “break,”  that  is, 
flocculate  and  settle.  Bacterial  growth  is  not  desired  during  the  fermenta¬ 
tion  and  the  subsequent  aging  of  the  beer. 

Aging,  or  Maturing.  The  young,  or  “green,”  beer  is  stored,  or  “lagered,” 
in  vats  at  about  32°F  (0°C)  for  from  several  weeks  to  several  months, 
during  which  period  precipitation  of  proteins,  yeast,  resin,  and  other 
undesirable  substances  takes  place  and  the  beer  becomes  clear  and  mel¬ 
lowed  or  matured.  Esters  and  other  compounds  are  produced  to  add  to 
t  le  taste  and  aroma,  and  the  body  changes  from  harsh  to  smooth. 
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Finishing.  After  aging,  the  “lager”  beer  is  carbonated  to  a  CX).,  content 
of  about  0.45  to  0.52  percent,  mostly  by  means  of  gas  collected  during 
the  fermentation.  Then  the  beer  is  cooled,  clarified,  or  filtered,  and  pack¬ 
aged  in  bottles,  cans,  or  barrels.  The  cans  or  smaller  bottles  of  beer  are 
pasteurized  at  about  60  to  61°C  (140  to  141. 8°F)  for  20  min  or  longer. 

Microhiologif.  The  procedures  during  the  brewing  process  have  a  great 
influence  on  the  ability  of  microorganisms  to  sur\'ive  or  grow.  Little  is 
known  about  the  growth  of  organisms  during  malting,  in  the  main  malt 
mash,  or  in  the  cereal-malt  mash,  although  growth  must  take  place  in 
the  first  two.  The  boiling  of  the  wort  plus  hops  for  2.5  hr,  however,  is 
enough  of  a  heat-treatment  to  destroy  all  but  the  most  resistant  bacterial 
spores,  such  as  those  of  some  species  of  Bacilhis  or  Clostridium,  and  the 
combined  action  of  heat  and  hop  antiseptics  might  destroy  most  of  those 
and  inhibit  any  survivors.  The  veast  (Figure  28-1, A)  used  in  pitching 
should  be  a  pure  culture  (but  usuallv  is  not)  and  hence  should  con¬ 
tribute  no  contaminating  organisms.  The  wort  is  unfavorable  to  some 
organisms  because  of  its  acid  pH  and  its  content  of  antiseptics  extracted 
from  the  hops.  Then,  too,  temperatures  are  low  during  both  fermentation 
and  aging,  and  conditions  are  anaerobic.  The  alcohol  produced  also  may 
be  inhibitors^ 

Beer  should  hinder  the  growth  of  microorganisms  because  of  its  low 
pH,  its  content  of  antiseptics  in  the  form  of  COo,  alcohol,  and  hop  ex¬ 
tracts,  and  its  low  temperature  of  storage.  Also,  conditions  are  anaerobic 
throughout  its  processing  and  storage,  and  much  of  the  beer  sold  has 
been  pasteurized. 

Yet,  despite  all  these  reasons  why  beer  should  be  free  of  spoilage 
organisms,  it  is  subject  not  only  to  defects  from  physical  and  chemical 
causes  but  also  to  “diseases”  caused  by  microorganisms.  Since  the  micro¬ 
organisms  that  are  most  important  in  causing  diseases  of  beer  are  readily 
killed  by  temperatures  below  boiling,  they  must  enter  after  the  boiling 
of  the  wort  with  hops. 


Beer  Defects  and  “Diseases” 

As  has  been  indicated,  the  term  defects  will  be  applied  here  to  un¬ 
desirable  characteristics  with  causes  that  are  not  microbial,  such  as  ( 1 ) 
turbidity  due  to  unstable  protein,  protein-tannin  complexes,  starch,  and 
resin;  (2)  olf-flav’ors  caused  bv  poor  ingredients  or  contact  with  metals, 
and  (3)  poor  physical  characteristics.  This  discussion  will  be  limited  to 
the  troubles  caused  bv  microorganisms  and  therefore  termed  beer  infec¬ 
tions  or  beer  diseases.  The  mash  in  the  brewhouse  may  undergo  butvric 
acid  fermentation  by  Clostridium  species  or  lactic  acid  fermentation  by 
lactics  if  the  mash  is  held  too  long  at  temperatures  favoring  tlu'se  bac¬ 
teria.  Off-flavors  so  produced  may  carrx'  over  into  the  beer.  It  was  pointed 


Fig.  28-1.  Pliase  photoniicrograplis  of  lirewery  iiiicroorganisin.s:  (A)  brewers’  yeast; 
(B)  tennobaeteria  that  give  wort  an  off-color  and  -llavor;  (C)  wild  yeast  {Sacchar- 
omtjees  pa.storianus) ,  showing  aseospores;  harmful  to  beer;  (D)  brewers’  yeast  with 
contaminating  organisms;  (£)  Pediococetts  cerevhiae,  causing  “sarcina  sickness”; 
(F)  Lactohacilhis  pastorUinus,  a  common  contaminant  of  brewers’  yeast,  causing 
sourness.  {Courtesy  of  Paul  Lewis  Laboratories,  Inc.,  Milwaukee,  Wis.) 
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out  in  Chapter  27  that  the  pitching  yeast,  recovered  from  a  previous 
fermentation,  ordinarily  is  contaminated  witli  bacteria  and  wild  yeasts 
and  may  be  a  source  of  spoilage  organisms  (Figure  28-1, D).  Yeasts  and 
bacteria  produce  turbidity  when  they  grow  in  beer;  and  beer  yeasts  car¬ 
ried  over  from  the  fermentation  may  be  responsible  for  cloudiness.  Like¬ 
wise,  wild  yeasts,  e.g.,  Saccharomyces  pasforiamis  (Figure  28-l,C),  can 
cause  cloudiness  in  beer.  Yeasts  can  be  inhibited  or  e.xclud(>d  bv  keeping 
out  air,  fermenting  most  of  the  sugar  in  the  wort  to  produce  a  “dr\'”  beer, 
using  good  cultures  of  beer  yeasts,  and  sanitizing  the  plant  adetjuately. 
Yeasts  also  may  be  responsible  for  off-tastes  and  -odors.  Thus,  for  ex¬ 
ample,  bitterness  may  be  caused  by  S.  pastorkimis,  and  an  esterlike  taste 
by  llansenida  anomala.  Most  veasts  produce  fruitv  odors,  and  some  pro¬ 
duce  hydrogen  sulfide  from  the  hop  extract  in  the  beer. 

The  bacteria  causing  beer  diseases  are  mostlv  from  the  genera  Pedio- 
coccus,  Lactohdcilhis,  Achromohacter,  Fhvohactcrium,  and  Acctohacter. 

“Sarcina  sickness,”  characterized  bv  sourness,  turbidih',  and  ropiness 
of  beer,  is  caused  by  Pediococciis  cerevisiae  (Figure  2H-1,E).  Because 


the  cocci  often  aggregate  in  fours  or  tetrads,  they  were  first  thought  to 
be  sarcinae. 

Some  lactobacilli,  being  tolerant  to  acid  and  liop  antiseptics,  can  grow 
in  beer.  Lacfohacilhis  pastorianus  (Figure  28-1, F)  causes  sourness  and  a 
silkv  turbiditv.  This  bacterium  produces  lactic,  acetic,  and  formic  acids, 
alcohol  and  carbon  dioxide  from  sugars,  and  is  especially  bad  in  top 
fermentations  such  as  are  used  for  ales, 

Achromohacter  anaerohium,  when  growing  in  beer,  causes  a  silky 
turbidiW  and  produces  an  odor  reminiscent  of  hydrogen  sulfide  and  of 
apples.  It  forms  carbon  dioxide  and  alcohol. 

Flavolyacferitim  profeiis  is  responsible  for  a  parsniplike  odor  and  taste 
in  wort  and  in  beer.  It  produces  alcohol  and  acid  and  is  not  tolerant  of 
a  pH  as  low  as  4.2.  It  has  been  found  as  a  common  contaminant  of  pitch¬ 
ing  yeast. 

Species  of  Acctohacter,  the  vinegar  bacteria,  which  are  tolerant  of  acid 
and  hop  antiseptics,  can  cause  sourness  of  wort  or  beer  under  aerobic 
conditions.  Exposure  to  oxvgen  can  occur  in  cooks  that  are  stored  too 
long,  in  emptv  beer  barrels,  and  in  pitching  yeast.  numbc'r  of  species 
can  cause  sourness;  Acctohacter  capsulatum  and  A.  viscosum  may  pro¬ 
duce  ropiness;  and  A.  turhidans  lias  been  blamed  for  turbidity  and 
sourness. 

Other  incompletelv  described,  unidentified  bacteria  ha\’e  been  blamed 
for  defects.  Micrococcus,  Streptococcus,  Bacterium,  and  Bacillus  species 
hav'e  bc'en  accused  of  causing  trouble,  but  in  some  instances  jirobabK 
merelv  were  present.  Bacterium  tcrmo  organisms  (kigure  28-1, F),  so* 
calh'd  “apparatus  bacteria,”  hav’^e  been  blamed  for  putrefaction,  turbidih. 
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and  off-tastes  and  -odors,  and  sometimes  for  a  musty  odor. 
mucilaginous,  which  probably  is  a  pediococcus,  has  been  repoited  to 

""^'itsWrbe  reemphasized  that  all  of  the  yeasts  and  bacteria  that  cause 
infections  or  diseases  in  wort  and  beer  are  killed  by  the  oi  mg  o  le 
wort  and  hops  and  must  enter  thereafter  from  equipment,  the  air,  le 
water,  or  the  pitching  yeast,  and  that  aseptic  and  sanitary  precautions 

will  help  prevent  these  troubles. 


Other  Malt  Beverages 

Ale  usuallv  is  made  with  a  top  yeast,  a  strain  of  Saccharomtjces  cere- 
visiac,  instead  of  the  bottom  yeast  employed  for  beer,  although  a  bottom 
yeast  sometimes  is  used.  The  primaiy  fermentation  takes  place  at  54  to 
76°F  (12.2  to  24.4°C),  a  higher  temperature  than  for  beer,  and  there¬ 
fore  the  fermentation  is  more  rapid,  taking  5  to  7  days.  The  top  yeast 
forms  clumps  which  collect  carbon  dioxide  gas  and  aie  eaiiied  to  the 
top  of  the  wort.  At  intervals  the  veast  scum  is  skimmed  off.  Moie  hops 
are  used  in  ale  than  in  beer,  and  a  higher  alcohol  content  usually  is 
attained.  Ale  usuallv  is  pale  in  color  and  tart  in  taste. 

Weiss  beer,  porter,  and  stout  are  ales  in  that  top  yeasts  are  employed 
in  their  manufacture.  Weiss  beer  is  a  light,  tart  ale  made  chiefly  from 
wheat.  Porter  and  stout  are  dark,  heavy,  sweet  ales. 


Related  Beverages 

Sake  is  a  yellow  rice  beer  or  wine  of  Japanese  origin  with  an  aleohol 
content  of  about  14  to  17  percent.  A  starter,  or  koji,  for  sake  is  made  by 
growing  Aspergillus  onjzae  on  a  soaked  and  steamed  rice  mash  until 
a  maximum  vield  of  enzymes  is  obtained.  This  koji  contains  amylases 
which  cause  the  hvdrolvsis  of  rice  starch  to  sugars  available  to  veasts 
plus  other  hvdrolvtic  enzvmes  such  as  proteinases.  The  koji  is  mixed  with 
more  rice  mash,  starch  is  con\’erted  to  sugar,  and  several  species  of  yeast 
of  the  genus  Saccharonufces  carrv  out  the  alcoholic  fermentation.  The 
liquor  filtered  from  the  fermented  mass  after  10  to  14  days  is  the  sake. 
Sonti  is  a  rice  beer  or  wine  of  India.  Rhizopus  sonti  and  veasts  are  acti\'e 
in  the  fermentation. 

Pulque  is  a  Latin-American  beerlike  beverage  containing  about  6  per¬ 
cent  of  alcohol  that  results  from  a  natural  yeast  fermentation  of  the  juice 
of  the  agave,  or  centuiy  plant. 

Ginger  beer  is  a  mildly  alcoholic,  acid  beverage  made  by  the  fermenta¬ 
tion  of  a  sugar  solution  flavored  with  ginger.  The  starter  is  the  “ginger- 
beer  plant,”  in  which  primarily  a  yeast,  Saccharomyccs  pyrifornus,  and  a 
capsulated  bacterium,  Lactobacillus  vermifonnis,  are  enclosed  in  the 
gelatinous  capsular  material  of  the  lactobacillus. 
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WINES 

Unless  otherwise  specified  tlie  term  wine  is  applied  here  to  the  product 
made  by  the  alcoholic  fermentation  of  grapes  or  grape  juice  by  yeasts 
and  a  subsecpient  aging  process.  Wines,  however,  can  be  produced  by 
the  fermentation  of  the  juices  of  fruits,  berries,  rhubarb,  dandelions, 
honey,  cereals,  etc. 


Grape  Wine 


Grape  wines  are  for  the  most  part  either  red  or  white.  The  red  wines 
contain  the  red  pigment  from  the  skins  of  purple  or  red  varieties  of 
grapes,  while  white  wines  are  made  from  white  grapes  or  the  expressed 
juice  of  other  grapes.  The  manufacture  of  red  wine  will  be  outlined 


briefly  as  an  example  of  the  wine-making  process. 

Preparation  of  Juice.  Grapes  of  a  variety  especially  adapted  to  wine 
making  are  harvested  at  a  stage  when  they  have  the  desired  sugar  con¬ 
tent.  Thev  are  crushed  and  stemmed  by  machine  and  then  treated  with 
sulfur  dioxide  (50  to  150  ppm)  or  potassium  metabisulfite  in  efjuivalent 
amounts  to  inhibit  the  growth  of  undesirable  competitors  of  the  wine 
veast. 

Fermentation.  About  2  to  5  percent  of  a  special  wine  yeast,  a  strain  of 
Saccbaronufces  cerevisiae  var.  cUipsoideus,  is  added  to  the  crushed 
grapes,  or  must,  rather  than  to  trust  to  yeasts  already  present.  At  first  the 
contents  of  the  tank  are  mixed  twice  a  day  by  punching  the  “cap”  of 
floating  skins,  stems,  etc.,  pumping  juice  over  the  skins,  or  mixing  in 
some  other  wav  to  aerate  and  hence  encourage  growth  of  the  yeast  and 
aid  in  the  extraction  of  color  from  the  skins  (for  red  wines).  Or  the  red 
pigments  may  be  extracted  from  the  skins  by  heat  and  added  back  to 
the  juice.  Later  the  mixing  is  discontimied,  for  anaerobic  conditions  are 
most  favorable  to  the  alcoholic  fermentation.  It  is  very  important  that 
the  temperature  be  maintained  within  an  optimum  range,  i.e.,  between 
70  and  90°F  (21.1  and  32.2°C)  for  red  wines,  during  the  active  fermenta¬ 
tion,  which  takes  about  3  to  5  days  for  red  wines  and  7  to  14  days  (at  50 
to  70  F,  or  10  to  21.1'^G)  for  white  wines.  Too  high  a  temperature  in¬ 


hibits  the  wine  veasts  and  permits  competing  organisms,  the  lactobacilli, 
for  example,  to  grow  and  cause  defects;  and  too  low  a  temperature  slows 
down  action  of  the  wine  veasts  and  permits  wild  yeasts,  lactic  acid  bac¬ 
teria,  and  other  organisms  to  grow.  Heat  is  liberated  during  the  fermenta¬ 
tion  and  this,  coupled  with  high  atmospheric  temperatures,  may  nect'ssi- 
tate  artificial  cooling  of  the  must. 

After  the  primarv  or  actis’c  fermentation  has  advanced  sufficit'iitly,  tht 
fermented  juice  is  drawn  off  from  the  residues  (pomace)  and  placed  in 
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a  storage  tank  under  a  light  pressure  of  carbon  dioxide  for  the  secondaiy 
fermentation  for  7  to  11  days  at  about  70  to  85°F  (21.1  to  29.4°C). 
Here  the  remaining  sugar  is  fermented  if  a  dry  wine  is  desired.  Cleai 
wine  is  drawn  off, 'or  “racked,”  from  the  sediment  at  tlie  bottom  of  the 

tank. 

Storing  and  Aging.  Tlie  wine  then  usually  is  flash-pasteurized  to  pie- 
cipitate  proteins,  cooled,  held  for  a  few  days,  and  then  filtered.  Next  it 
goes  into  wooden  tanks  (usually  of  white  oak  or  redwood)  or  plastic- 
coated  concrete  tanks  for  aging.  The  tanks  are  filled  completely  and 
sealed  to  keep  out  air.  Periodically  the  wine  is  racked  from  bottom  sedi¬ 
ment.  Final  aging  may  be  in  the  bottle.  The  aging  for  months  or  years 
results  in  desirable  changes  in  body  and  flavor  of  the  wine,  gi'  ing  it  the 
aroma  or  bouquet  that  should  be  one  of  its  characteristics.  Esters  and 
alcohols  are  considered  important  contributors  to  bouquet  and  taste. 

After  aging,  the  wine  is  filtered  or  otherwise  clarified,  barreled  or  bot¬ 
tled,  and  stored. 

Volatile  Acidifi/  of  Wines.  A  high  content  of  \’olatile  acid  in  wines  is 
indicative  of  a  faulty  fermentation.  In  the  United  States  the  legal  limit 
for  volatile  acid  content  is  0.14  g  per  100  ml,  expressed  as  acetic  acid,  for 
red  wine  and  0.12  g  for  white  wine. 

Microhiologi/.  The  grapes  when  crushed  have  a  variety  of  microorgan¬ 


isms  on  their  surfaces,  including  yeasts  and  bacteria.  Not  only  is  the 
surface  flora  of  the  grape  present  but  also  an  arrav  of  contaminants  from 
the  soil.  To  suppress  these  organisms  the  wine  maker  adds  sulfur  dioxide 
or  sulfite,  or  less  commonly  pasteurizes  the  must.  During  the  primarv 
fermentation  the  added  wine  yeast  predominates.  During  early  stages, 
growth  of  the  yeast  is  favored  by  aeration  of  the  must;  then  later  anae¬ 
robic  conditions  favor  the  alcoholic  fermentation  by  the  yeasts,  liberat¬ 
ing  carbon  dioxide  and  ethyl  alcohol,  both  of  which  help  inhibit  organ¬ 
isms  other  than  the  wine  yeasts.  The  atmosphere  of  carbon  dioxide  above 
the  wine  during  the  secondary  fermentation  prevents  the  growth  of 
aerobic  contaminants,  such  as  the  acetic  acid  bacteria.  The  pasteurization 
that  follows,  although  not  for  that  purpose,  reduces  the  numbers  of 
microorganisms  that  later  might  cause  spoilage  (“diseases”)  of  the  wine. 
There  should  be  no  growth  of  organisms  during  the  aging  and  storage 
of  the  wine,  but  organisms  that  can  grow  then  may  be  introduced  by 
contamination  from  tanks,  barrels,  or  bottles. 


Kinds  of  Wine 

No  attempt  will  be  made  to  list  the  scores  of  names  applied  to  different 
types  of  wines.  Instead  a  few  general  descriptive  terms  will  be  defined. 
Most  wines  are  still  wines,  that  is,  they  retain  none  of  the  carbon  dioxide 
produced  during  the  fermentation,  in  contrast  to  sparkling  wines,  which 


354  Foods  and  Enzymes  Produced  by  Microorganisms 

do  contain  considerable  amounts.  Other  wines  may  be  artificiallv'  car¬ 
bonated. 

Drv  wines  contain  little  or  no  imfermented  sugar,  as  contrasted  to 
sweet  wines,  which  have  sugar  left  or  added.  Wdnes  usuallv  contain  from 
11  to  16  percent  of  alcohol  by  volume  but  may  go  as  low  as  7  percent. 
Fortified  wines,  however,  to  which  distillate  of  wine  called  “wine  spirits” 
or  “brandy”  has  been  added,  contain  about  19  to  21  percent  of  alcohol 
bv  volume.  Table  wines  hav^e  a  comparativ^ely  low  content  of  alcohol  and 
little  or  no  sugar,  while  dessert  wines  are  fortified,  sweet  wines. 

French  dry  sherry  is  of  interest  because  it  is  made  from  grapes  which 
have  a  high  sugar  content  as  a  residt  of  being  dried  out  by  an  infecting 
gray  mold,  Botrytis  cinerea;  thev  therefore  yield  a  wine  with  a  high  con¬ 
tent  of  alcohol.  Spanish  (Jerez)  sherrv'  supports  the  growth  of  a  yeast 
film,  presumably  of  one  or  more  species  of  Saccharonujees,  while  the 
wine  is  being  racked  in  partially  filled  barrels  following  the  main  fer¬ 
mentations.  This  veast  growth,  or  “flor,”  imparts  a  special  boiupiet  and 
flavor  to  the  wine. 


Wine  Defects  and  Microbial  Spoilage 

lake  beer,  wine  has  its  defects  from  nonmicrobial  causes  and  its  spoil¬ 
age  caused  bv  microorganisms.  Defects  include  those  due  to  metals  or 
their  salts,  enzvmes,  and  agents  employed  in  clearing  the  wine.  Iron,  for 
example,  mav  produce  a  sediment  knoum  variously  as  gray,  black,  blue, 
or  ferric  casse,  or  in  white  wine  may  be  responsible  for  a  white  precipi¬ 
tate  of  iron  phosphate  termed  white  casse.  Tin  and  copper  and  their 
salts  have  been  blamed  for  cloudiness.  White  wines  may  be  turned  brown 
and  red  wines  may  have  their  color  precipitated  by  an  oxidizing  enzyme, 
peroxidase,  of  certain  molds.  Gelatin,  used  in  clarifying  w  ines,  may  cause 
cloudiness. 

The  microorganisms  causing  wane  spoilage  are  chiefly  wald  yeasts, 
molds,  and  bacteria  of  the  genera  Acctohacter,  Lactohacilliis,  and  Letico- 
nostoc  and,  perhaps.  Micrococcus  and  Pediococcus. 

Factors  Affecting  Growth  of  Microorganisms  in  Wine.  F’actors  that  are 
known  to  influence  the  susceptibility  of  wines  to  microbial  spoilage  are: 

1.  Acidity  or  pH.  The  lower  the  pH,  the  less  likely  there  is  to  be 
spoilage.  The  minimum  pH  permitting  the  growth  of  microorganisms 
varies  w'ith  the  organism,  the  type  of  wine,  and  the  alcoholic  content. 
Molds,  yeasts,  and  acetic  acid  bacteria  would  not  be  stopped  by  any  pH 
normal  to  wines,  but  most  lactic  acid  bacteria  will  tolerate  acidity  down 
to  about  pH  3.3  to  3.5,  a  pH  lower  than  that  of  most  wines  (most  Cali¬ 
fornia  table  wines  have  a  pH  of  about  3.5  to  4.0), 

2.  Sugar  content.  Dry  w'ines  (about  0.1  percent  or  less  of  sugar),  with 
their  low  sugar  content,  are  rarely  spoiled  by  bacteria,  but  0.5  to  1.0 
percent  or  more  of  sugar  will  favor  spoilage. 
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3  Concentration  of  alcohol.  Tolerance  of  alcohol  vaiies  with  the  spoil 
aee  oreanism.  Thus  acetic  bacteria  spoiling  musts  and  wines  are  m- 
hihitecl  by  over  14  to  15  percent  of  alcohol  by  volume,  but  cleacidi  ymg 
cocci  are  stopped  by  about  12  percent,  Leiwonostoc  species  by  over  14 
percent,  heterofermentative  lactobaeilli  by  about  18  percent  (except 
Lactobacilhis  trichodcs,  which  grows  in  fortified  wines  in  over  20  percent 
of  alcohol),  and  hoinofermentative  lactobaeilli  by  about  10  percent. 

4.  Concentration  of  aecessory  growth  snbstanees.  Acetohacter  species 
can  make  their  own  vitamins,  but  the  lactic  acid  bacteria  must  have  most 
of  them  provided.  The  ehief  source  of  these  substances  in  wines  is  the 
wine  yeast,  which  releases  the  aecessory  growth  factors  on  autolysis.  The 
more  of  these  snbstanees  there  are  present,  the  greater  will  be  the  like  i- 

hood  of  spoilage  by  lactic  acid  bacteria. 

5.  Concentration  of  tannins.  Tannins  added  with  gelatin  for  clarifiea- 
tion  retard  bacteria,  but  usually  not  enough  are  added  to  be  of  mueh 
practical  importance  as  inhibitors. 

6.  Amount  of  sulfur  dioxide  present.  The  more  sulfur  dioxide  added, 
the  greater  will  be  the  retardation  of  the  spoilage  microorganisms.  The 
50  to  150  ppm  customarily  added  to  the  must  usually  is  adeejuate.  Effec¬ 
tiveness  depends  upon  the  kind  of  organism  to  be  suppressed  and  in¬ 
creases  with  a  lowering  of  pH  and  sugar  content. 

7.  Temperature  of  storage.  Spoilage  usually  is  most  rapid  at  20  to  35°C 
(68  to  95°F)  and  slows  dowm  as  the  temperature  is  dropped  toward 
freezing. 

8.  Availability  of  air.  Absence  of  air  prevents  the  growth  of  aerobie 
organisms,  such  as  molds,  film  yeasts,  and  Acetohacter,  but  the  lactic 
acid  bacteria  mow  well  anaerobieallv. 

O  ^ 

Spoilag^e  hij  Aerobic  Microorganisms.  Film  yeasts,  which  can  oxidize 
alcohol  and  organic  acids,  may  grow  on  the  surface  of  must  and  wines 
exposed  to  air,  producing  a  heavy  pellicle  called  “wine  flowers.”  They 
should  cause  no  trouble  if  the  must  is  mixed  periodically  and  if  the  air  is 
kept  away  from  the  wine. 

In  the  presence  of  air  the  aerobic  acetic  acid  bacteria,  usually  Aceto¬ 
hacter  aceti  or  A.  Qxt/dans,  oxidize  alcohol  in  must  or  wine  to  acetic  acid, 
an  undesirable  process  ealled  acetification.  They  also  may  oxidize  glu¬ 
cose  in  the  must  to  glueonic  aeid  and  may  give  a  “mousy”  or  “sweet-sour” 
taste  to  the  must. 

Molds,  such  as  Mticor,  Penicilliiim,  AspergiUtis,  and  others,  may  grow 
on  plant  walls,  barrels,  tanks,  hose  lines,  and  corks,  and  may  also  grow 
on  the  grapes  or  on  eold  must.  Molds  are  kept  down  by  adequate 
cleansing  of  walls  and  equipment. 

Spoilage  hij  Facultative  Microorganisms.  Wild  yeasts,  which  include 
all  yeasts  but  the  wine  yeast  added  as  starter,  may  bring  about  abnormal 
fermentations  that  result  in  low  alcohol  content,  high  volatile  acidity,  un- 
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desirable  flavors,  and  cloudiness  in  the  wine.  These  yeasts,  which  come 
chiefly  from  the  grapes  from  which  the  must  is  prepared  and  usually  are 
predominantly  of  the  apiculate  type,  are  suppressed  or  eliminated  by  use 
of  an  active  starter  of  the  wine  veast,  sulfiting  or  pasteurization  of  the 
must  before  the  fermentation,  and  control  of  the  temperature  of  the  must 
during  the  fermentation.  Low  temperatures,  below  7()°F  (21.1°C),  will 
favor  some  of  the  wild  yeasts  and  slime-producing  bacteria. 

Lactic  acid  bacteria  are  the  principal  causes  of  the  bacterial  spoilage 
of  musts  and  wines.  There  has  been  some  confusion  in  the  application 
of  names  to  the  various  types  of  bacterial  spoilage  of  wines,  probably 
because  several  different  kinds  of  bacteria  may  be  able  to  cause  the  same 
defect  or  because  the  same  organism  may  cause  different  defects  under 
different  conditions.  Probably  most  commonly  occurring  is  tourne 
(turned  or  soured)  spoilage,  in  which  acid  is  formed  from  sugars, 
glucose,  and  fructose  in  the  wine,  chiefly  by  heterofermentative  Lacto- 
haciUiis  species,  such  as  L.  brevis,  L.  hilgardii,  L.  trichodes,  and  perhaps 
L.  fermetifi  and  L.  huchncri.  The  growth  of  the  lactobacilli  produces 
silkv  cloudiness,  increases  lactic  and  acetic  acid,  yields  carbon  dioxide, 
sometimes  gives  ^^mousv”  or  other  disagreeable  flavors,  and  damages  the 
color  of  the  wine.  When  the  fermentation  of  fructose  results  in  the  bitter 
product  mannitol,  the  fermentation  sometimes  is  termed  “mannitic”;  bit¬ 
terness  (amertume)  also  may  result  from  the  fermentation  of  the  glycerol 
in  the  wine.  Gassiness,  resulting  from  any  cause,  such  as  from  the  libera¬ 
tion  of  carbon  dioxide  by  heterofennentative  lactics,  is  called  pousse. 
The  homofermentative  Lactobacillus  phuitarum  forms  mostly  lactic  acid 
from  sugars  in  table  wines,  increasing  the  fixed  acidity  and  gi\ing  a 
“mousv”  flavor. 

The  aciditv  of  the  wine  may  be  reduced  by  the  spoilage  bacteria  by 
the  oxidation  of  the  malic,  citric,  and  tartaric  acids  by  Acctobactcr 
(aerobic)  or  fermentation  of  malic  and  tartaric  acids  by  species  of  Lacto¬ 
bacillus,  Leuconostoc,  or  Pediococcus  or  by  other  cocci. 

Sliminess  or  ropiness  of  young  white  wines,  accompanied  by  cloudiness 
and  increased  volatile  acidity,  has  been  blamed  on  Leuconostoc  species, 
L.  nicscutcroides,  and  L.  dcxtrauicuin,  on  micrococci  and  on  lactobacilli. 
.\ddition  of  sucrose,  when  permitted,  fav'ors  the  production  of  dextran 


and  therefore  of  sliminess  by  Leuconostoc. 

Any  bacteria  or  yeasts  growing  in  wine  are  likely  to  cause  an  undesir¬ 
able  cloudiness,  and  any"  acetic  bacterium  or  heterofennentative  lactic 
growing  in  the  wine  mav  increase  the  volatile  acidity  to  an  extent  that 
will  make  the  product  unsalable.  Fermentation  of  sugars  usually  results 
in  an  increase  in  acidity,  in  fixed  acid  if  the  lactic  is  homofermentative, 
and  in  fixed  and  volatile  acid  if  the  organism  is  heterofermentan've. 
Oxidation  or  fermentation  of  the  organic  acids  of  the  grape  results  m  a 
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j  decrease  in  amounts  of  fixed  acid.  It  should  be  reemphasized  tliat  tlie 
I  composition  of  tlie  wine  is  important  in  determining  its  susceptibility  to 
i  bacterial  spoilage.  Thus  white  wines  of  low  alcohol  content  are  more 
readily  subject  to  sliminess  and  spoilage  by  cocci  than  are  other  wines; 
musts  and  table  wines  support  the  growth  of  LactohaciUus  hilgardii, 
i  LactohaciUus  brevis,  and  Leuconostoc  mesentcroidcs;  while  LactohaciUus 


trichudcs  (Figure  28-2)  is  the  only  species  known  to  spoil  California 
dessert  wines  and  does  not  grow  in  musts. 

It  is  interesting  to  note  that  the  formation  of  lactic  acid  from  malic 
acid  in  very  sour  wines  might  improve  their  qualitv  by  reducing  the 
acidity.  Lactic  acid  is  a  weaker  acid  than  malic,  and  only  two  molecides 
of  lactic  acid  are  formed  from  three  of  malic.  Some  bacteria  can  also 
form  lactic  acid  from  tartaric  acid  and  glycerol  in  wine. 

Other  Wines 

Wines  from  Other  Fruits.  Wines  can  be  made  from  most  kinds  of  fruits, 
including  apples  (hard  cider),  peaches,  apricots,  plums,  pears  (perry). 
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cherries,  berries,  and  many  others.  Berries  and  most  otlier  fruits  (except 
wine  grapes)  contain  insufficient  sugar  to  make  a  good  wine  and  must 
be  ameliorated  by  the  addition  of  sugar  before  the  fermentation. 
Otherwise,  the  manufacture  of  the  wine  is  similar  to  that  of  grape  wine. 
The  products  may  be  dry,  sweet,  fortified,  sparkling,  or  carl)onated. 
Wines  for  consumption  as  such  or  for  distillation  to  produce  brandies 
mav  also  be  made  from  dried  fruits  such  as  raisins,  dates,  figs,  and  prunes. 

The  manufacture  and  diseases  of  apple  wine  or  hard  cider,  prepared 
from  juice  expressed  from  apples,  have  received  considerable  attention. 
Much  American  hard  cider  is  made  locally  from  apples  not  especiallv 
suited  to  its  manufacture  and  is  fermented  bv  the  yeasts  that  happen  to 
be  present.  Therefore,  often  only  4  to  6  percent  of  alcohol  is  produced, 
there  is  a  residue  of  sugar,  and  flavor  and  boiujiiet  may  be  defect! v'e  or 
lacking.  British  and  French  ciders  and  some  industriallv  produced  Ameri¬ 
can  hard  ciders  are  made  from  apples  that  are  high  in  sugars  and  in 
tannin.  Manufacturing  methods  may  include  sulfiting,  the  addition  of 
sugars  and  yeast  food,  and  inoculation  with  a  proven  yeast  culture, 
fleterofermentative  lactobacilli  have  been  reported  to  be  active  during 
cider  making,  fermenting  malic  and  citric  acids,  sugars,  and  gh’cerol  to 
produce  carbon  dioxide,  lactic,  acetic,  propionic,  and  succinic  acids,  and 
mannitol. 

Most  of  the  sicknesses  or  diseases  of  hard  cider  are  similar  to  those  of 
grape  wine:  cloudiness,  low  alcohol  content,  and  oll-fla\’ors  caused  by 
wild  yeasts;  cloudiness  and  bad  flavors  produced  by  lactobacilli;  slimi¬ 
ness  or  ropiness  due  to  bacteria;  acetic  acid  production,  etc.  The  low 
acidity  and  low  nitrogen  content  of  ciders  encourage  the  growth  of  the 
spoilage  organisms. 

Wines  from  Other  Agricultural  Products.  Theoretically  any  edible 

product  that  contains  sufficient  moisture,  sugar,  and  other  foods  for 

veasts  can  be  used  to  make  wine.  Honev  wine,  or  mead,  is  made  from 
#  * 

diluted  honev  to  which  minerals  and  nitrogenous  food  for  the  yeasts  have 
been  added.  Dandelion  wine  is  a  homemade  product  made  by  alcoholic 
fermentation  of  a  water  extract  of  flowers  of  the  dandelion  to  which 
sugar,  flavoring  substances,  and  yeast  have  been  added. 


DISTILLED  LIQUORS 

Distilled  licpiors  or  spirits  of  interest  here  are  those  produced  by  distil¬ 
lation  of  an  alcoholicallv  fermented  product.  Hum  is  the  distillate  from 
alcoholicallv  fermented  sugar-cane  juice,  sirup,  or  molasses.  Mhiskevs 
are  distilled  from  saccharified  and  fermented  grain  mashes,  e.g.,  rxc 
whiskev  from  rye  mash,  bourbon  or  corii  whiskey  from  corn  mash,  wheat 
w'hiskev  from  wheat  mash,  etc.  Hums  and  whiskeys  are  made  from 
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mashes  fermented  l.y  special  distillers’  yeasts,  strains  of  Saccharomijces 
cerevisioe  var.  cUipsokleiis,  which  give  high  yields  of  alcohol.  The  giain 
mashes  usually  are  acidified  to  favor  the  yeasts.  The  aging  of  the  dis¬ 
tilled  liquors  in  charred  oaken  barrels  or  tuns  is  a  chemical  rather  than 
a  biological  process.  Brandy  means  the  distillate  from  grape  wine,  unless 
a  qualifying  word  is  added,  as  is  done  in  naming  apple  brandy  (apple¬ 
jack),  peach  brandy,  apricot  brandy,  etc. 

There  should  be  no  problems  of  spoilage  of  distilled  liquors  by  micro¬ 
organisms. 

VINEGAR 

It  has  been  pointed  out  in  Chapter  20  that  the  normal  course  of 
changes  in  fruit  juices  at  ordinar\'  temperatures  is  an  alcoholic  fermenta¬ 
tion  bv  yeasts,  followed  by  oxidation  of  the  alcohol  to  acetic  acid  by 
acetic  acid  bacteria.  If  enough  acetic  acid  were  produced  the  product 
would  be  vinegar.  Vinegar  is  defined  as  a  condiment  made  from  siigarv 
or  starchy  materials  bv  an  alcoholic  fermentation  followed  by  an  acetous 
one.  It  must  contain  at  least  4  g  of  acetic  acid  per  100  ml  to  be  legal 
\4negar. 

Kinds  of  Vinegar 

Vinegars  may  be  classified  on  the  basis  of  the  materials  from  which 
I  they  have  been  made:  (1)  those  from  the  juices  of  fruits,  e.g.,  apples, 
grapes,  oranges,  pears,  berries,  etc.;  (2)  those  from  starchy  vegetables, 
potatoes  or  sweet  potatoes,  for  example,  whose  starch  must  first  be  hy¬ 
drolyzed  to  sugars;  (3)  those  from  malted  cereals,  such  as  barley,  rye, 

'  wheat,  and  corn;  (4)  those  from  sugars,  as  in  sirups,  molasses,  honey, 

I  maple  skimmings,  etc.;  and  (5)  those  from  spirit  or  alcohol,  e.g.,  from 
I  waste  alcoholic  licjuor  (b/Cer)  from  yeast  manufacture  or  from  dilute, 
denatured  ethyl  alcohol.  Anything,  in  fact,  that  contains  enough  sugar 
or  alcohol  and  is  in  no  way  objectionable  as  food  may  be  used  to  make 
vinegar.  The  vinegar  usually  deriv^es  its  descriptive  name  from  the  ma¬ 
terial  from  which  it  was  made:  cider  vinegar  from  apple  juice,  alegar 
from  ale,  malt  vinegar  from  malted  grains,  spirit  vinegar  from  alcohol, 
etc.  In  the  United  States  most  table  vinegar  is  cider  \'inegar,  and  there¬ 
fore  the  term  vinegar  by  itself  usually  means  cider  \inegar.  Vinegar  from 
grapes  (wine)  is  most  popular  in  France,  and  vinegar  from  malt  liquors 
(alegar)  in  the  British  Isles. 

The  Fermentation 

As  has  been  indicated,  the  manufacture  of  vinegar  from  saccharine 
materials  involves  two  steps:  (1)  the  fermentation  of  sugar  to  ethyl 
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alcohol  and  (2)  the  oxidation  of  alcohol  to  acetic  acid.  The  first  step  is 
an  anaerobic  process  carried  out  by  yeasts,  either  those  naturally  present 
in  the  raw  material  or,  preferably,  added  cultures  of  high-alcohol-produc¬ 
ing  strains  of  Saccharomyces  cereviskie  var.  eUipsoidcus.  A  simplified 
ecpiation  for  the  process  is; 


CeTIiaOe-^  2C()2  +  2C2TT50n 
Shieose  alcohol 

Actually  a  series  of  intermediate  reactions  takes  place,  and  small  amounts 
of  other  final  products  are  produced,  such  as  glycerol  and  acetic  acid. 
Also,  there  are  small  amounts  of  other  substances,  produced  from  com- 
j:)ounds  other  than  sugar,  including  succinic  acid  and  amyl  alcohol. 

The  second  step,  oxidation  of  the  alcohol  to  acetic  acid,  is  an  aerobic 
reaction  carried  out  by  the  acetic  acid  bacteria: 

CoTUOn  +  O,  ^  CHs  COOH  -f  IT2O 
alcohol  oxyf>:en  acetic  acid  water 

Acetaldehyde  is  an  intermediate  compound  in  this  reaction.  Among  the 
final  products  are  small  amounts  of  aldehydes,  esters,  acetoin,  etc. 

“Bergev’s  Manual  of  Determinative  Bacteriology,”  sixth  edition,  lists 
some  nineteen  suggested  species  of  Acctohactcr  and  six  species  of  Bac¬ 
terium  that  are  acetic  acid  bacteria,  and  the  seventh  edition  lists  seven 
species,  all  in  the  genus  Acetohacter.  The  seven  accepted  species  of 
Acetohacter  are  divided  into  those  that  oxidize  acetic  acid  to  car¬ 
bon  dioxide  and  water  and  those  that  do  not.  Some  species,  e.g..  Bac¬ 
terium  scheutzenhacJiii  and  B.  curvum,  have  been  found  activ’e  in  the 
“(juick”  vinegar  process  to  be  described.  Acetohacter  aceti,  A.  rancens, 
A.  xi/linum,  and  others  have  been  isolated  from  active  vinegar  starters 
for  the  “slow”  methods.  B.  orleanense  can  function  in  cither  type  of  proc¬ 
ess.  It  should  be  emphasized  that  pure  cultures  of  acetic  acid  bacteria 
are  not  used  in  practice  because  they  are  less  efficient  than  the  mixed 
cultures. 

Nfethods  of  Manufacture 

The  wavs  of  making  vinegar  may  be  divided  into  the  “slow”  methods, 
such  as  the  home,  or  “let-alone,”  method  and  the  French,  or  Orleans, 
method,  and  “fjuick”  methods,  like  the  generator  process  or  the  fogging 
procedure.  In  slow  methods  the  alcoholic  licjuid  is  not  moved  during 
acetification,  while  in  rpiick  methods  the  alcoholic  li(juid  is  in  motion. 
For  the  most  part  the  slow  methods  utilize  fermented  fruit  juices  or  malt 
lifjuors  for  acetic  acid  production,  whereas  the  (juick  methods  are  applied 
mostly  to  the  production  of  va'negar  from  spirits  (alcohol).  Fruit  or  malt 
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liquors  are  well  supplied  with  food  for  the  vinegar  bacteria,  but  to  main¬ 
tain  active  vinegar  bacteria  in  generator  methods  using  alcohol,  dena¬ 
tured  with  ethyl  acetate  or  vinegar,  it  must  be  supplemented  with  a 
“vinegar  food,”  which  is  a  combination  of  organic  and  inorganic  com¬ 
pounds  that  varies  with  the  compounder.  Combinations  of  substances 
such  as  dibasic  ammonium  phosphate,  urea,  asparagine,  peptones,  yeast 
autolysate,  glucose,  malt,  starch,  dextrins,  salts,  and  other  substances 
have  been  reported  in  use. 

Slow  Methods.  In  the  home,  or  let-alone,  method,  a  fruit  juice,  like 
apple  juice,  is  allowed  to  undergo  a  spontaneous  alcoholic  fermentation, 
preferably  to  about  11  to  13  percent  of  alcohol,  by  yeasts  originally 
present,  after  which  a  barrel  is  partially  filled  with  tiie  fermented  juice 
I  and  placed  on  its  side  with  the  bunghole  upward  and  open.  Then  the 
I  alcoholic  solution  is  allowed  to  undergo  an  acetic  acid  fermentation. 


I  called  acetification,  carried  out  by  vinegar  bacteria  naturally  present  un¬ 
til  vinegar  is  produced.  A  film  of  vinegar  bacteria,  called  mother  of 
I  vinegar,”  should  grow  on  the  surface  of  the  licjuid  and  oxidize  the  alcohol 
to  acetic  acid.  Unfortunately,  the  yield  may  be  low  because  of  a  poor 
:  vield  of  alcohol  during  the  yeast  fermentation;  because  of  the  absence 
j  of  productive  strains  of  vinegar  bacteria;  because  of  the  oxidation  of 
acetic  acid  by  the  vinegar  bacteria  if  there  is  a  shortage  of  alcohol; 
or  because  of  the  competitiv^e  growth  of  film  veasts  and  molds  on  the 
surface,  which  destroy  alcohol  and  acids,  and  of  undesirable  bacteria  in 
the  liquid,  which  produce  undesirable  flavors.  The  process  is  v’erv  slow, 
and  the  product  often  is  of  inferior  cjualitv'. 

In  contrast  to  the  batch  process  just  described,  the  Orleans,  or  French, 
method,  employed  considerably  in  Europe,  is  a  continuous  process,  al¬ 
though  both  processes  usually  are  carried  out  in  barrels.  In  the  Orleans 
process  ravv^  vinegar  from  a  previous  run  is  introduced  to  fill  about  one- 
fourth  to  one-third  of  the  barrel  and  serves  to  introduce  an  inoculum  of 
activ^e  vinegar  bacteria  and  to  acidifv'  the  added  wine,  hard  cider,  or 
malt  licjuor  so  as  to  inhibit  competing  microorganisms.  Enough  of  the 
alcoholic  liquor  is  added  to  the  vinegar  to  fill  about  half  the  barrel,  leav¬ 
ing  an  air  space  above  that  is  open  to  the  outside  air  through  the  bung- 
hole  at  the  top  and  a  hole  in  each  end  of  the  barrel  above  the  level  of 
the  licjuid.  These  holes  are  protected  by  screening.  The  acetic  acid  bac¬ 
teria  growing  in  a  film  on  top  of  the  litjuid  carry  out  the  oxidation  of 
alcohol  to  acetic  acid  for  weeks  to  months  at  about  70  to  85°E  (21.1  to 
29.4°C),  after  which  part  of  the  vinegar  so  formed  is  drawn  off  for  hot- 
replaced  in  the  barrel  Iw  an  equal  quantitv  of  alcoholic 
operation  is  repeated  a  number  of  times,  so  that  the  process 
in  this  way  becomes  more  or  less  continuous.  Vinegar  of  high  (juality  can 
be  produced  by  this  rather  slow  process. 


mg  and  is 
lifjuor.  This 
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One  difficulty  encountered  in  this  method  is  tlie  dropping  of  the  gelat¬ 
inous  film  of  vinegar  bacteria  and  the  resulting  retardation  of  aceti- 
fication.  To  av'oid  this  difficidty  a  raft  or  floating  framework  sometimes 
is  provided  to  support  the  film.  It  is  claimed  that  too  heavy  a  bacterial 
film  will  result  in  reduced  acetification, 

Quick  Methods.  As  has  been  indicated,  quick  methods  of  va’negar 
manufacture  involve  the  movement  of  the  alcoholic  licpiid  during  the 
process  of  acetification.  Most  common! v  this  lif|uid  is  trickled  down  ov'cr 
surfaces  on  which  films  of  the  vinegar  l)acteria  have  grown  and  to  which 
a  plentiful  supply  of  air  is  provided. 

The  generator  method  is  the  one  in  most  common  use  at  present.  The 
simple  generator  is  a  cylindrical  tank  that  comes  in  different  sizes  and 
usually  is  made  of  wood.  The  interior  is  divided  into  three  parts:  an 
upper  section  W'here  the  alcoholic  lifjuid  is  introduced;  the  large  middle 
section  where  the  licjuid  is  allowed  to  trickle  down  ov^er  beechwood 
shavings,  corncobs,  rattan  shavings,  charcoal,  coke,  pomace,  or  some 
other  material  that  vN-ill  give  a  large  total  surface  yet  not  settle  into 
a  compact  mass;  and  the  bottom  section  where  the  vinegar  collects.  The 
alcoholic  liquid  is  fed  in  at  the  top  through  an  automatic  feed  trough 
or  a  sprinkling  device  (sparger)  and  trickled  down  ov'er  the  shavings 
or  other  material  on  which  has  dev^eloped  a  slimv  growth  of  acetic  acid 
bacteria,  which  oxidize  the  alcohol  to  acetic  acid.  Air  enters  through  the 
false  bottom  of  the  middle  section  and,  on  becoming  vv^arm,  rises,  to  be 
vented  ab(we.  Since  the  oxidation  process  here  releases  considerable  heat, 
it  usuallv  is  neeessarv'  to  control  the  temperature  so  that  it  does  not  rise 
much  above  S5°F  (29.4°C).  This  can  be  done  bv  adjustment  of  the  rate 
of  feeding  air  and  alcoholic  liquid  and  by  cooling  the  alcoholic  licjiiid 
before  it  enters  the  generator  or  by  cooling  the  partially  acetified  licjuid 
that  is  returned  to  the  top  from  the  bottom  section  of  the  tank  for  further 
action. 

In  starting  a  new  generator  the  slime  of  v'inegar  bacteria  must  be 
established  licfore  v’inegar  can  be  made.  First,  the  middle  section  of  the 
tank  is  filled  with  raw  vinegar  that  contains  active  vinegar  bacteria  to 
inoculate  the  shavings  with  the  desired  bacteria,  or  this  material  is  circu¬ 
lated  through  the  generator.  Then  an  alcoholic  li(|uid,  acidified  ^^■ith 
v'inegar,  is  slowly  trickled  through  the  generator  to  build  up  bacterial 
grovv'th  on  the  shavings  and  then  is  recirculated.  Some  makers  acidify 
all  of  the  alcoholic  li(juid  with  vinegar  before  introducing  it  into  the  gen¬ 
erator  or  leav'e  some  vinegar  to  acidify  the  new'  lot  of  licjuid. 

The  vinegar  may  be  made  by  one  run  of  the  alcoholic  licjuid  through 
the  generator,  or  tlie  vinegar  collected  at  the  bottom  may  be  recirculated 
through  the  generator  if  insufficient  acid  has  been  jiroducc'd  at  first  or 
too  much  alcohol  is  left.  Sometimes  generators  are  operated  in  tandem. 
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the  liquid  from  tlie  first  tank  going  through  a  second  or  even  a  third 

^  The  Frings  generator  (Figure  28-3)  is  a  large,  cylindrical,  airtight 
tank,  equipped  with  a  sparger  at  the  top,  cooling  coils  about  the  lower 
part  of  the  middle  section  containing  the  shavings,  and  facilities  for  the 
recirculation  of  the  vinegar  from  the  bottom  collection  chamber  throng  i 


Fig.  28-3.  Diagram  of  a  (juick-method  vinegar  generator.  {Courtestf  of  Food  En¬ 
gineering.  ) 


the  system.  Modern  types  of  these  generators  are  equipped  with  auto¬ 
matic  controls  for  feeding  the  alcoholic  litjuid,  for  introducing  filtered 
air,  for  controlling  temperature,  and  for  recirculating  the  litjuid  collected 
at  the  bottom.  These  generators  give  high  yields  of  acetic  acid  and  leave 
little  residue  of  alcohol. 

In  the  Mackin  process,  a  fog  or  fine  mist  of  a  mixture  of  vinegar  bac¬ 
teria  and  nutrient  alcohol  solution  is  sprayed  through  jet  nozzles  into  a 
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chamber.  The  mist  is  kept  in  circulation  by  filtered  air  for  a  while  and 
then  is  allowed  to  fall  to  the  bottom  for  collection,  to  be  cooled,  reatom¬ 
ized,  and  returned  to  the  chamber.  This  process  is  continued  until  oxida¬ 
tion  of  the  alcohol  is  almost  complete. 

The  dipping  generator  consists  of  a  tank,  inside  of  w’hich  is  a  basket 
filled  w  ith  beechw’ood  shavings  that  can  be  raised  out  of  or  lowered  into 
dilute  alcohol  solution  in  the  low'er  part  of  the  tank.  While  the  basket  is 
out  of  the  li(juid,  aeration  permits  rapid  acetification  by  vinegar  bacteria 
on  the  shavings,  and  lowering  the  basket  into  the  li({uid  adds  more  cul¬ 
ture  medium  and  removes  some  of  the  acetic  acid  made. 

The  method  of  vinegar  manufacture  of  the  future  probablv  is  the  sub¬ 
merged  method,  which  involves  vigorous  aeration  of  the  alcoholic  lifjuid 
during  acetification  by  the  added  acetic  acid  bacteria. 


Finishing 

The  composition  of  vinegar  depends,  of  course,  on  the  material  from 
which  it  w^as  made.  Vinegars  from  fruits  and  malt  lifjuors  carry  flaxors 
characteristic  of  these  materials.  The  method  of  manufacture  also  in¬ 
fluences  the  character  of  the  product.  Vinegars  made  by  slow'  methods 
are  less  harsh  than  those  made  by  cjuick  methods  because  of  the  aging 
undergone  during  the  long  time  of  preparation.  Quickly  made  vinegars, 
when  aged  in  tanks  or  barrels,  improve  in  body,  taste,  and  boiujuet. 
Filtration  and  “fining,”  which  is  clarification  by  the  settling  out  of  added 
suspended  materials,  are  emploved  to  clarify  the  vinegar,  wdiich  should 
be  very  clear.  Most  market  vinegar  now'  is  pasteurized  in  bulk  or  in  the 
bottles.  Times  and  temperatures  vary,  but  heating  at  140  to  150°F  (60 
to  65.6°C )  for  a  few'  seconds  is  an  example. 

The  strength  of  the  vinegar  is  expressed  in  grains,  that  is,  ten  times 
the  number  of  grams  of  acetic  acid  per  100  ml  of  vinegar.  Thus  40-grain 
vinegar  contains  4  g  of  acetic  acid  per  100  ml  of  vinegar  at  20°C. 


\’inegar  Defects  and  Diseases 

As  in  wines,  metals  and  their  salts  may  cause  cloudiness  and  discolor¬ 
ation  of  vinegar.  Ferrous  iron  may  be  oxidized  to  ferric  iron  and  combine 
w'ith  tannins,  phosphates,  or  proteins  to  produce  a  haze.  Cloudiness  also 
may  be  caused  by  salts  of  tin  or  copper.  Iron  acting  upon  tannin  or  oxi¬ 
dase  actix'itv  mav  be  responsible  for  the  darkening  of  vinegar. 

Animal  Pests.  Mites  and  vinegar  flies  (Drosophila)  breed  readily 
around  the  vinegar  factor}'  and  are  objectionable  from  an  esthetic  point 
of  view'.  The  vinegar  eel,  AnguiUida  aceti,  is  a  small,  barely  visible 
nematode  worm  that  causes  trouble.  These  worms  have  been  said  to 
attack  the  film  of  acetic  acid  bacteria  in  the  slow  methods  and  cause  it 
to  sink,  hindering  acetification  and  deteriorating  the  vinegar.  4  hev  are 
harmless  to  human  beings,  but  the  presence  of  their  bodies,  alive  or  dead. 


365 


Food  Fermcntatiom 

s  objectionable  from  an  esthetic  standpoint.  They  usually  come  from 
Vuits  or  their  juices,  but  once  established  they  will  continue  to  bleed  m 
aarrels  or  venerators.  Recently  it  has  been  reported  that  they  aid  m  aceti- 
rcation  in  "a  synthetic  medium  and  in  the  manufacture  of  spirit  vmegai 
by  the  quick  method.  They  are  killed  by  pasteurization  and  readily  le- 

moved  by  filtration.  .  r  .  , 

Diseases.  Diseases  caused  by  microorganisms  may  result  m  mterioiit) 

af  the  materials  from  which  the  vinegar  is  made  or  of  the  condiment 
itself.  Wine  and  hard  cider,  for  example,  are  subject  to  the  troubles  hstec 
in  the  discussion  of  diseases  of  wine.  Laefohacillus  and  Leiiconostoc 
species  in  fruit  juice  may  not  only  be  responsible  for  off-flavors,  e.g.,  t  le 
“mousy”  taste,  but  also  may  produce  enough  acetic  acid  to  interfere  wit  i 
the  alcoholic  fermentation  by  yeasts.  Under  anaerobic  conditions  butyric- 
acid  bacteria  may  produce  their  undesirable  acid.  These  difficulties  ma) 
be  reduced  by  the  addition  of  sulfur  dioxide  to  the  juices,  but  this  chemi¬ 
cal  is  inhibitorv  to  the  vinegar  bacteria. 

The  diseases  of  vinegar  itself  are  confined  for  the  most  part  to  the 
production  of  excessive  sliminess  in  the  mass  of  c'inegar  bacteria  and  tbe 
destruction  of  acetic  acid  in  the  product.  It  has  been  mentioned  that  an 
especially  heavy,  thick,  slimv  film  of  bacteria  in  the  slow  piocess  of  cine- 
gar  manufacture  reduces  the  rate  of  acetification.  E.xcessive  sliminess  is 
much  more  harmful,  however,  in  the  generator  process,  for  it  inteifeies 
with  aeration.  Sliminess  is  favored  by  an  alcoholie  lic|uid  that  is  a  good 
culture  medium,  e.g.,  cider,  wane,  or  a  medium  to  which  too  much  lich 
vinegar  food  has  been  added,  but  is  not  ordinarily  troublesome  in  the 
acetification  of  a  poor  medium  like  that  used  in  making  vinegar  from 
spirits  (alcohol).  Several  species  of  vinegar  bacteria  can  cause  sliminess, 
but  Acetohacter  xi/Jiniini  is  probably  the  most  important  one. 

O.xidation  of  acetic  acid  in  vinegar  to  carbon  dioxide  and  waiter  can 
be  brought  about  by  the  acetic  acid  liacteria  themselves  during  the 
vinegar-making  process  if  there  is  a  shortage  of  alcohol  or  an  excessive 
amount  of  aeration.  Other  organisms  that  can  oxidize  acetic  acid  under 
aerobic  conditions  are  the  film  veasts  (“wane  flow^ers  ),  molds,  and  algae. 


FERMENTED  DAIRY  PRODUCTS 

The  preparation  of  fermented  milks  and  of  cheese  has  been  discussed 
in  Chapter  16  and  their  spoilage  in  Chapter  24. 

I  TEA,  COFFEE,  CACAO,  VANILLA,  CITRON 
Tea 

Tea  can  be  classified  as  (1)  fermented,  or  black,  (2)  unfermented,  or 
green,  and  (3)  semifermented,  or  oolong.  The  e.xperts  agree  that  the 
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fermentation  of  tea  leaves  is  the  result  of  the  activity  of  enzymes  of 
the  leaves  rather  than  of  microorganisms  present,  although  action  of 
microorganisms  may  harm  the  flavor  and  reduce  the  cpialitv  of  black  tea. 
Molds  of  the  genera  Aspergillus,  Penicilliiim,  and  Rhizopus  have  been 
reported  to  cause  spoilage. 

Coffee 


There  are  two  chief  methods  for  curing  coffee:  (1)  the  dry  method, 
which  does  not  involve  fermentation;  and  (2)  the  wet,  or  “washed 
coffee,”  method,  which  does.  In  the  ^^'et  method,  after  the  remo\’al  of 
their  skins  the  coffee  berries  are  placed  in  water  and  fermented  for  18 
to  48  hr  to  loosen  the  pectinous  pulp  that  surrounds  the  coffee  beans. 
This  pulp  is  washed  away,  and  the  beans  are  dried  and  then  hulled  to 
remove  the  parchment  membrane  surrounding  them.  Although  older  re¬ 
ports  state  that  this  is  an  acetic  acid  fermentation,  more  recent  work  in¬ 
dicates  a  lactic  acid  fermentation  by  heterofermentative  lactics,  such  as 
Lcuconosfoc  tuesenteroides  and  Loctohucillus  brevis,  which  form  appre¬ 
ciable  amounts  of  acetic  acid.  The  homofermentati\’e  Lactobacillus  plan- 
taruin  and  Streptococcus  faecalis  also  have  been  found  growing  during 
the  fermentation.  There  seems  to  be  considerable  doubt  as  to  whether 
the  bacterial  fermentation  has  much  to  do  with  the  loosening  of  the  pulp 
layer,  a  change  that  many  workers  attribute  to  the  enzymes  of  the  coffee 
berry.  There  are  patents,  however,  on  the  fermentation  of  coffee  biuins 
by  certain  kinds  of  bacteria  before  the  roasting  proct\ss  to  improv'e  the 
flavor  and  aroma  of  the  roasted  product.  A  pectic  enz\'me,  derived  from 
molds,  is  utilized  in  a  new  method  for  the  remosal  of  the  pnlpy  laver 
from  the  beans.  A  small  amount  of  enzvme  preparation  is  allowed  to  act 
for  5  to  10  hr  at  ordinary  temperatures.  This  method  avoids  the  produc¬ 
tion  of  off-flav"ored  coffee  that  sometimes  results  from  the  uncontrolled 
natural  fermentation. 

Deterioration  of  the  released  coffee  beans  also  can  occur  during  their 
drying  if  this  procedure  is  too  prolonged. 


Cacao 

Cacao,  or  cocoa,  beans  (seeds)  when  taken  from  the  pod  art'  coxered 
with  a  slimy  or  fruity  pulp,  which  is  removed  bv  i7ieans  of  a  fermentation 
process.  The  pulp-covered  seeds  are  placed  in  piles,  in  pits,  or  in  a 
“sweating  box,”  where  the  beans  are  coxered  xxith  banana  or  plantain 
leaves.  During  the  3  to  13  davs  of  fermentation  the  beans  are  stirred  and 
turned  to  aerate  them  and  to  keep  doxxn  the  temperature.  The  fermenta¬ 
tion  has  the  folloxving  purposes:  ( 1 )  to  remoxe  the  adhering  pulp  from 
the  bean;  (2)  to  kill  the  germ  in  the  seed;  and  (3)  to  gixe  aroma,  flaxor, 
and  color  to  the  bean.  Here  again  it  is  difficult  to  sav  hoxv  much  is  ac- 
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complished  by  the  plant  enzymes  and  liow  much  by  the  growing  micro¬ 
organisms.  According  to  some  reports  the  fermentation  is  in  several 
stages:  (1)  the  fermentation  of  sugars  in  the  pulp  to  alcohol  and  carbon 
dioxide  by  a  mixture  of  yeasts,  such  as  Saccharomyces  elUpsokleus,  S. 
apicuhtus,  S.  anomalus,  and  Schizosaccharomyces  hussei;  (2)  the  oxida¬ 
tion  of  the  alcohol  to  acetic  acid  by  acetic  bacteria;  (3)  chemical  changes 
brought  about  by  the  heat  of  the  fermentation,  where  the  temperature 
may  "rise  to  44  to  50°C  (111.2  to  122°F),  and  by  plant  enzymes;  (4) 
further  chemical  changes  during  curing  or  drying  of  the  beans.  Other 
reports  state  that  asporogenous  yeasts  probably  carry  out  most  of  the 
fermentation,  producing  both  alcohol  and  acetic  acid,  and  that  acetic 
acid  bacteria  are  absent.  Bacteria  of  the  genera  Flavohacferiitm,  Achro- 
mohacter,  and  Proteus,  however,  were  found  to  be  present. 

Molds  can  cause  spoilage  of  the  cacao  beans  during  drying. 

Vanilla 

Vanilla  beans  also  are  subjected  to  fermentation  in  piles.  They  undergo 
alternate  sweating  and  drying  processes.  No  reports  are  available  upon 
the  microbiology  of  the  fermentation. 

Citron 

Halved  citron  fruits  are  held  for  6  to  7  weeks  in  sea  water  or  a  5  to  10 
percent  brine.  It  has  been  reported  that  veasts  improve  the  aroma  by 
esterification  of  the  essence  of  citron  and  that  alcoholic  fermentation  by 
veasts  followed  by  an  acetic  acid  fermentation  combine  to  improv^e  the 
flavor,  color,  and  texture  of  citron.  A  veast,  Saccharomyces  cifri  mcdicae, 
and  a  bacterium.  Bacillus  citri  mcdicae,  have  been  found  to  predominate 
during  the  fermentation. 

ORIENTAL  FERMENTED  FOODS 

Most  of  the  Oriental  fermented  foods  mentioned  below  have  molds 
concerned  in  their  preparation.  In  the  starter,  termed  koji  bv  the  Japanese 
and  chou  by  the  Chinese,  molds  serve  as  sources  of  hydrolytic  enzvmes, 
such  as  amylases  to  hydrolyze  the  starch  in  the  grains,  proteinases, 
lipases,  and  many  others.  For  the  most  part  the  starters  are  mixtures  of 
molds,  yeasts,  and  bacteria,  but  for  a  few  products  pure  cultures  have 
been  employed. 

Soy  Sauce 

The  chief  Oriental  fermented  food  imported  into  the  United  States 
and  also  made  here  is  soy  sauce,  a  brown,  salty,  tangy  sauce  used  on 
dishes  such  as  chop  suey  or  as  a  constituent  of  other  sauces.  The  meth¬ 
ods  of  preparation  of  the  starter  and  of  manufacture  of  soy  sauce  have 
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inanv  variations,  but  in  general  the  proeedure  is  similar  to  that  outlined 
below. 

The  Starter.  The  starters  (koji  or  chou)  may  be  mixed  cultures  carried 
over  from  previous  lots  or  pure  cultures  grown  separatelv.  The  substrate 
on  which  the  mixed  starter  is  growm  varies,  although  most  often  it  is 
cooked,  crushed,  moistened  soybeans  and  roasted  wheat,  to  which  barlev 
and  peas  sometimes  are  added;  or  sometimes  erushed,  steamed  rice  is 
employed.  These  natural  starters  should  have  As'pergdltis  oryzae  as  the 
predominant  mold,  but  others  usuallv  are  present,  sueh  as  A.sperg///f/.s 
flaviis  and  Mucor  roiixii.  There  are  also  a  number  of  kinds  of  yeasts,  e.g., 
of  the  genera  Zyuosaccharomijces  and  Ilamenida,  and  bacteria  of  various 
kinds,  especially  lactic  acid-forming  bacteria.  The  inoculated  mash  is 
spread  out  on  trays  and  incubated  with  oeeasional  stirring  at  about  25°C 
(7/°F)  or  above  until  the  mold  growth  on  the  surfaees  of  the  mash  is 
adjudged  to  have  attained  a  maximum  eontent  of  enzvmes.  The  starter 
may  be  used  at  onee  as  it  is,  may  be  dried  and  used  later  in  that  eondi- 
tion,  or  may  be  dried  and  extracted  and  the  extract  used. 

Lockwood  and  King'  describe  a  pure-culture  method  of  making  soy 
sauce,  in  which  A.  oryzae  is  grown  on  cooked,  sterilized  rice;  the  yeast, 
Zy^osaccharomyces  soyae  or  a  Hamenida  species,  is  cultured  in  a  sov- 
bean  broth  at  30  to  35°C  (S6  to  95°F);  and  the  bacteria,  iMctohac'dhis 
del])nieckii,  also  are  grown  in  sovbcan  broth,  but  at  35  to  40°C  (95  to 
104°F). 

Manufacture  of  Soy  Sauce.  A  mash  of  soaked  and  cooked  sovbcans  and 
roasted  wheat  is  spread  out  on  trays,  inoculated  with  the  starter  of  mix('d 
or  pure  cultures,  and  incubated  with  occasional  stirring  at  25  to  30  C 
(77  to  86°F)  for  3  to  5  days.  A  hca\y  growth  of  A.  oryzae  should  dc- 
v'elop  on  the  surfaces.  Next,  the  mold-fermented  mash  is  transferred  to 
a  salt  brine,  20  percent  or  stronger,  where  the  secondary"  fermentation 
takes  place  by  action  of  the  mold  enzvmes  from  starter  and  the  molds 
growing  on  the  mash  and  by  action  of  the  yeasts  and  bacteria.  One  to 
three  months  is  recpiired  to  make  soy  sauce  when  the  pure-culture 
method  is  employed  and  the  incubation  temperature  is  35  to  38^C  (95 
to  100.4°F).  Older  methods  with  mixed  cultures  take  a  period  of  time 
that  depends  upon  the  amount  of  aging  desired.  Usually  from  6  months 
to  2  vears  at  room  temperatures  is  recommended  to  obtain  an  ade(|uately 
aged  product.  The  sov  sauce  is  the  li(juor  drained  or  pressed  from  tlie 
l^rined  and  completely  fermented  mash. 

Tamari  Sauce 

This  is  a  Japanese  sauce,  similar  to  sov  sauce,  made  by  a  short  fermen¬ 
tation  j‘)rocess  from  a  so^d)ean  mash  to  which  rice  may  have  been  adiled. 

‘  L.  B.  Lockwood,  Soybean  Difl.  7  (  12):  10-11  ( 1947). 
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\  different  mold,  Aspergillus  tamarii,  is  the  principal  mold  concerned  in 
:he  inanufactnre  of  tamari  sauce. 

Vliso 

This  product,  called  miso  hv  the  Japanese  and  chiang  by  the  Chinese, 
is  a  pastelike  food  made  from  cooked  soybeans  to  which  Aspergillus 
mjzae  or  a  mixed-mold  starter,  salt,  and  water  are  added.  The  whole 
nass  is  well  mixed  and  ripened  in  a  vat  for  several  days  to  produce  a 
:)aste. 

Vatto 

In  the  manufacture  of  natto,  boiled  soybeans  are  wrapped  in  rice  straw 
md  fermented  for  1  or  2  days.  The  package  becomes  slimy  on  the  out- 
>ide.  Bacillus  natto,  probably  identical  with  Bacillus  subtil  is,  grows  in 
natto,  releasing  tr\'psinlike  enzymes  that  are  supposed  to  be  important  in 
the  ripening  process. 

Soybean  Cheese 

Sovbean  cheese,  or  su  fii,  is  a  Chinese  fermented  food  made  bv  soak¬ 
ing  soybeans,  grinding  them  to  a  paste,  and  then  filtering  through  linen. 
The  protein  in  the  filtrate  is  curdled  by  means  of  a  magnesium  or  calcium 
salt,  after  which  the  curd  is  pressed  into  blocks.  The  blocks,  arranged 
on  travs,  are  held  in  a  fermentation  chamber  for  a  month  at  about  14°C 
(57.2°F),  during  which  period  white  molds,  probablv  Mucor  species, 
develop.  Final  ripening  takes  place  in  brine  or  in  a  special  wine. 

Minchin 

Fermented  minchin  is  made  from  wheat  gluten  from  which  the  starch 
has  been  removed.  The  moist,  raw  gluten  is  placed  in  a  closed  jar  and 
allowed  to  ferment  for  2  to  3  weeks,  after  which  it  is  salted.  A  h'pical 
specimen  was  found  to  contain  seven  species  of  molds,  nine  of  bacteria, 
and  three  of  yeasts.  The  final  product  is  cut  into  strips  to  be  boiled, 
baked,  or  fried. 

Fermented  Fish 

The  Japanese  prepare  a  fermented  fish  bv  cutting  it  into  strips,  cooking 
it,  and  then  encouraging  fermentation  by  molds,  chiefly  species  of  Asper¬ 
gillus.  The  strips  then  are  dried.  The  Chinese  have  a  fermented  fish  prod¬ 
uct  preserved  in  lao-chao,  a  fermented  rice  product.  Molds  and  yeasts 
are  concerned  in  the  fermentation  of  the  steamed  rice  and  some  alcohol 
is  produced. 
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Preserved  Eggs 

Pidan,  or  the  Chinese  preserved  egg,  is  made  from  duck  eggs  coated 
with  a  slurry  of  soda,  burned  straw,  salt,  and  slaked  lime  and  covered 
with  rice  husks.  The  eggs  then  are  kept  in  sealed  clay  jars  for  a  month. 
An  assortment  of  bacteria  grows  in  the  egg,  but  coliform  bacteria  and 
species  of  Bacillus  apparently  are  predominant. 

Poi 

Poi,  although  Hawaiian  rather  than  Oriental,  will  be  mentioned  here. 
In  the  preparation  of  poi  the  conns  (bulblike,  fleshy  stems)  of  the  taro 
plant  are  steamed  at  70  to  10(FC  (158  to  212°F)  for  2  to  3  hr,  cooled, 
washed,  peeled,  trimmed  and  scraped,  and  then  finely  ground.  This 
ground  mass,  after  being  mixed  with  water  to  attain  a  desired  consist¬ 
ency,  is  fresh  poi  that  is  ready  for  consumption.  The  sour  or  fermented 
poi  is  prepared  by  the  incubation  of  barrels  or  other  containers  of  fresh 
poi  at  room  temperatures  for  at  least  1  day  and  at  most  not  more  than  6 
days.  During  the  first  6  hr  of  the  fermentation  the  poi  swells  or  puffs 
slightly  and  the  color  changes.  During  this  period  a  mixture  of  soil  and 
water  microorganisms  are  prominent,  organisms  such  as  coliforms.  Pseu¬ 
domonas  species,  chromogenic  bacteria,  and  yeasts.  Between  6  hr  and  4 
days  the  flora  consists  predominantly  of  acid-forming  bacteria,  among 
which  are  LactohaciUus  pasforiantis,  L.  dcUjrueckii,  L.  brevis.  Strepto¬ 
coccus  lactis,  and  S.  kefir  ( Leuconostoc).  These  lactic  acid  bacteria  carry 
on  the  main  fermentation  in  the  poi,  although  during  the  latter  part  of 
the  process,  veasts,  film  yeasts,  and  Gcotrichum  candidum  increase  in 
numbers  and  probably  contribute  pleasing  fruity  odors  and  tastes  (bou¬ 
quet).  The  fermentation  products  are  chiefly  lactic,  acetic,  and  formic 
acids,  alcohol,  and  carbon  dioxide.  Abnormal  fermentations  are  likelv  to 
be  of  the  buhaic  acid  type. 
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Microorganisms  may  serve  as  food  for  human  beings  or  feed  for  animals, 
as  a  source  of  enzymes  to  be  used  in  the  processing  of  foods,  or  as  manu¬ 
facturers  of  products  to  be  added  to  foods. 


MICROORGANISMS  AS  FOOD 

Although  a  number  of  kinds  of  microorganisms  have  been  recom¬ 
mended  for  human  consumption,  including  yeasts,  molds,  and  algae,  to 
date  onlv  yeasts  have  been  used  as  food  to  anv  extent  and  then  under 
unusual  conditions.  During  World  War  II,  when  there  were  shortages 
in  proteins  and  va'tamins  in  the  diet,  the  Germans  produced  yeasts  and 
a  mold  (Geotrichum  camlklum)  in  some  fjuantity  for  food.  After  the  war 
the  British  established  a  plant  in  Jamaica  for  the  production  of  food 
veast.  Food-  and  feed-yeast  plants  are  reported  in  operation  now  in 
Germany,  Switzerland,  Finland,  the  Union  of  South  Africa,  Jamaica, 
Formosa,  and  the  United  States.  Production  is  of  special  interest  to  areas 
having  plentiful  supplies  of  cheap  carbohydrate  and  shortages  of  proteins 
and  vitamins.  In  the  past  most  of  the  yeast  used  in  the  United  States  for 
feeM  and  pharmaceuticals  has  been  recovered  by  brewers  and  distillers 
after  the  alcoholic  fermentation,  but  now  increasing  (juantities  of  yeast 
are  being  grown  directive  for  such  purposes.  Organisms  may  be  termed 
jirimary  when  grown  directly  for  the  purpose  in  mind  and  secondary 
when  they  are  recovered  as  a  Iw-product  of  a  fermentation. 


Organisms  Used 

Secondary  yeasts  recovered  as  a  by-product  of  an  alcoholic  fermenta¬ 
tion  are  strains  of  brewers  yeasts,  Sdccluiromyccs  ccrcvisuic  or  S.  carls ^ 
hcroemis,  or  of  distillers’  yeasts,  S.  ccrcvisiae  var.  cUipsoidcus.  Brewers 
veast  is  debittered  by  wa.shing  with  caustic  soda  solution  and  water,  ad¬ 
justed  to  pH  5.5  to  5.7  with  phosphoric  acid,  salted,  and  dried,  usualb 
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on  a  tlriim  dryer.  It  may  be  fortified  before  drying  witli  tliiamine,  ribo¬ 
flavin,  and  niacin.  .A.  type  of  primary  yeast  may  be  produced  by  growing 
hai’N'ested  yeast  cells  from  breweries  or  distilleries  for  a  few  generations 
in  a  molasses  or  similar  medium. 

The  yeast  most  often  used  for  direct  production  is  Cnjpfococcus  (Torii- 
lopsis)  util is,  called  torula  yeast.  This  yeast  grows  rapidly,  utilizes  pen¬ 
tose  as  well  as  hexose  sugars,  and  s\'nthesizes  its  accessory  foods  for 
growth  from  simple  compounds,  enabling  its  production  from  raw  ma¬ 
terials  that  are  comparatively  poor  culture  media.  This  is  in  contrast  to 
S.  cercvisiae,  which  utilizes  only  hexose  sugar  and  otherwise  is  more 
fastidious  in  its  growth  recjuirements.  Two  special  varieties  of  Crijptococ- 
cus  ufilis  have  been  used,  C.  utilis  var.  major,  which  has  larger  cells  than 
the  original  strain,  and  C.  ufilis  var.  thermophila,  a  high-temperature 
strain  wdiich  can  be  growm  at  36  to  39°C  (96.8  to  102. 2°F)  rather  than 
at  32  to  34°C  (89.6  to  93.2°F).  Candida  arhorea  (MouiJia  Candida), 
Torula  pidchcrrUna,  and  other  yeasts  also  have  been  used.  A  lactose-fer¬ 
menting  yeast  is  required,  of  course,  if  yeast  is  to  be  growai  in  whey. 
Geotrichum  candidum  (Odspora  lactis)  is  the  onlv  mold  that  has  been 
grown  for  food  on  an  industrial  scale.  Wide  use  of  this  or  a  similar  mold 
is  not  indicated  at  present.  The  growth  and  use  of  algae  for  food  is  still 
in  the  experimental  stage. 

Raw'  Materials 

Materials  that  have  been  employed  to  produce  primarv  veasts  include 
(1)  molasses  from  sugar  manufacture  or  hydrolysis  of  starch;  (2)  spent 
sulfite  liquor,  w'hich  is  a  waste  product  of  the  sulfite-pulping  process  in 
the  paper  industry;  (3)  the  acid  hydrolyzate  of  w'ood;  and  (4)  agri¬ 
cultural  w'astes  (e.g.,  w'hey  from  the  dairy  industrv),  hvdrolvzed  starchy 
foods  (e.g.,  grains  and  cull  potatoes),  fruit  w'astes  (e.g.,  fruit  juice  or 
citrus-peel  hydrolyzate),  etc.  Molasses,  spent  sulfite  licjuor,  w'ood  hy¬ 
drolyzate,  and  whey  are  the  chief  materials  to  be  used  thus  far  on  a 
I  plant  scale. 

Production  of  Primary  Yeast 

j  Since  most  of  the  yeast  produced  directly  is  Crifptococcus  ufilis,  this 
discussion  w'ill  be  limited  to  its  grow'th  in  commonly  utilized  raw'  mate- 
I  rials.  For  the  most  part,  such  torula  yeast  is  produced  by  a  continuous 
process  which  recpiires  (1)  establishment  of  active  yeast  grow'th  in  the 
I  fermentor;  ( 2 )  feeding  of  carbohydrates  and  sources  of  nitrogen,  phos- 
I  phorus,  and  potassium  at  increasing  rates  until  a  maximum  level  of  yeast 
growth  is  maintained  continuously;  (3)  application  of  optimum  aeration 
and  agitation;  and  (4)  w'ithdraw'al  of  li(juor  (beer)  containing  the  yeast 
cells  at  rates  and  volumes  ecpialing  the  additions  of  fresh  medium. 
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Optimum  conditions  for  yeast  production  vary  with  tlie  vcast  em¬ 
ployed  and  the  raw  material  used.  Aeration  should  be  considerable  but 
at  an  optimal  level;  too  little  encourages  alcohol  production  rather  than 
growth,  and  too  much  favors  increased  respiration  and  heat  production 
and  hence  lowered  yields  of  the  yeast  cells.  The  best  temperature  de¬ 
pends  upon  the  yeast  strain,  as  has  been  indicated  earlier.  The  pH  should 
be  kept  on  the  acid  side,  usually  between  4.5  and  6.0.  The  concentration 
of  fermentable  sugar  is  maintained  at  a  level  no  higher  than  that  nec¬ 
essary  for  a  good  yield  of  cells.  The  amounts  and  kinds  of  inorganic  nu¬ 
trients  to  be  added  depend  upon  the  substrate.  Cane-  or  beet-sugar 
molasses,  for  e.xample,  usually  is  high  in  potassium  and  fairlv  well  sup¬ 
plied  with  available  phosphorus  and  nitrogen,  but  spent  sulfite  lifjuor  is 
deficient  in  all  three  of  these  elements,  which  are  needed  in  relatively 
large  amounts.  Nitrogen  usually  is  added  in  the  form  of  ammonia  or 
ammonium  salts. 

Yields  are  45  percent  or  more  of  dry  yeast  on  the  basis  of  the  sugar  fed. 
The  veast  cells  are  centrifuged  from  the  medium,  washed,  concentrated, 
and  dried.  All  food  yeasts  are  killed  before  use. 

Special  pretreatments  are  required  before  some  of  the  raw  materials 
can  be  used  to  grow  yeast.  Most  of  the  sulfur  dioxide  must  be  removed 
from  the  spent  sulfite  liquor  by  means  of  steam  stripping  or  by  aeration 
and  treatment  with  lime.  The  treated  liejuor  remains  selective  enough  to 
fav'or  the  yeasts  over  competing  organisms  so  that  troubles  with  contami¬ 
nation  are  negligible  throughout  a  long  period  of  continuous  yeast  pro¬ 
duction.  Wood  hydrolyzate  similarly  re(|uires  pretreatment. 

Nutritive  Value  of  Yeast 

Food  yeast  is  high  in  protein  and  in  most  of  the  B  complex  of  vitamins 
but  may  be  deficient  in  methionine  and  perhaps  cystine.  .Also,  the  thia¬ 
mine  content  may  be  lower  than  in  secondary  yeast,  and  there  is  a  de¬ 
ficiency  in  vitamin  B12.  Furnished  by  food  yeast  in  var\4ng  amounts  are 
thiamine,  riboflavin,  biotin,  niacin,  pantothenic  acid,  pyridoxine,  choline, 
streptogenin,  glutathione,  and  perhaps  folic  acid  and  p-aminobenzoic 
acid.  Food  yeast  is  used  as  a  supplement  to  the  diet. 

Uses  of  Food  Yeast 

Thus  far,  food  veasts  have  been  used  to  fortify  human  diet  with  pro¬ 
tein,  v'itamins,  and  other  nutritional  factors  chiefly  in  time  of  war  emir 
gency  and  in  areas  where  these  factors  are  in  short  supply  and  cheap 
carbohydrates  are  abundant.  Yeasts  have  not  displaced  plentiful,  inex¬ 
pensive  plant  and  animal  sources  of  these  factors.  Food  yeasts  also  find 
use  in  pharmaceutical  products  as  sources  of  vitamins,  amino  acids, 
nucleic  acids,  and  other  protein  fractions.  It  also  is  possible  that  yeasts 
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may  serve  as  raw  material  for  fractionation  processes  to  yield  products 
useful  in  pharmaceutical  and  food  industries. 

FATS  FROM  MICROORGANISMS 

Fats,  or  more  properly  lipides,  are  synthesized  in  appreciable  amounts 
by  certain  yeasts,  yeastlike  organisms,  and  molds,  but  production  in  this 
manner  has  been  employed  only  during  periods  of  emergency,  e.g.,  a 
state  of  war,  when  cheaper  and  more  easily  available  animal  and  plant 
lipides  were  not  available  in  sufficient  (juantity, 

Orsanisms  Used 

Among  the  yeasts,  Toridopsis  pidcfwrrima,  Torulopsis  lipofera,  Sac- 
charonujces  cerevisiae,  and  Rhodotoridu  glutiuis  have  been  studied  for 
their  fat  production,  and  the  first-named  was  used  for  this  purpose  in 
Germany  and  in  Sweden  during  World  War  11.  The  yeastlike  Endomijces 
vernalis  was  used  by  the  Germans  during  World  War  I,  as  were  special 
strains  of  the  mold,  Gcotrichum  candidutn. 

Raw  Materials 

Media  for  fat  production  should,  in  general,  have  a  high  carbon-to- 
nitrogen  ratio,  a  good  supply  of  phosphates,  and  for  most  organisms  a 
pH  on  the  acid  side.  In  fat  production  by  Endomtjces  vermdis,  first  good 
growth  is  obtained  in  a  mash  with  a  high  ratio  of  nitrogen  to  carbon,  and 
fat  production  is  carried  out  in  a  medium  with  a  high  ratio  of  carbon  to 
nitrogen.  Molasses,  cellulose  waste,  hydrolyzed  wood,  and  spent  sulfite 
lifjuor  are  among  the  sources  of  carbohydrate  employed.  Nitrogen  can  be 
in  the  form  of  ammonium  salts,  urea,  urine,  yeast  water,  molasses  slop, 
or  extracts  of  grains.  Salts  to  be  added  include  potassium  chloride,  mono¬ 
potassium  phosphate,  and  magnesium  sulfate.  Addition  of  small  amounts 
of  alcohol  or  sodium  acetate  increases  yields  of  lipides.  The  choice  of  a 
yeast  will  depend  upon  its  abilitv  to  utilize  both  pentoses  and  hexoses 
or  only  the  latter.  Gcotrichum  candidum  is  able  to  utilize  the  lactose  in 
whey,  to  which  some  additional  nitrogenous  food  and  salts  may  be  added. 

Production  of  Fat 

All  of  the  above-mentioned  organisms  grow  best  under  aerobic  condi¬ 
tions.  Therefore,  their  growth  for  fat  production  has  been  in  thin  layers 
on  trays  or  other  flat  areas  when  Endomijces  vernalis  or  a  mold  was  em¬ 
ployed,  and  in  well-aerated  tanks  when  yeasts  were  grown  submerged. 
The  optimum  temperature  varies  with  the  organism  employed,  ranging 
from  15  to  20°C  (59  to  68°F)  for  E.  vernalis  to  25  to  30°C  (77  to  86°F) 
or  slightly  higher  for  molds  and  yeasts.  A  fairly  long  period  is  required 
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for  iiiaxiimini  fat  production  by  most  of  the  organisms  mentioned.  E. 
vernalis,  for  example,  recjuires  2  to  3  days  to  attain  growth  and  6  or  8 
days  more  for  maximum  yields  of  lipides.  Yields  of  lipides  vary  widely 
with  the  organisms  and  with  methods  of  production.  Recovery  of  lipides 
is  by  extraction  with  soK  ents,  with  or  without  autolysis. 


VITAMINS  FROM  MICHOORCANTSMS 

Microorganisms  may  be  able  to  absorb  vitamins  from  the  substrate, 
synthesize  vitamins  from  precursors  added  or  present,  synthesize  them 
from  simple  compounds,  or  manufacture  proxitamins  which  are  readily 
convertible  into  vitamins. 

Absorption  of  Adtamins 

Yeasts  can  absorb  thiamine,  niacin,  biotin,  and,  to  a  lesser  extent,  pv- 
ridoxine,  inositol,  and  other  vitamins.  Therefore,  the  level  of  these  vita¬ 
mins  in  the  substrate  in  which  the  yeasts  are  grown  is  a  factor  in  de¬ 
termining  the  vitamin  content  of  the  veast  cells.  Brewers’  and  distillers’ 
yeasts  ordinarily  are  grow'n  in  mashes  comparatively  rich  in  vitamins  and 
therefore  become  enriched  themselves;  or  xitamin-rich  rice  polishings, 
malt  sprouts,  etc.,  or  ev^en  purified  thiamine,  niacin,  or  biotin  mav  be 
added  to  the  mash  to  encourage  absorption.  On  the  other  hand,  veasts 
growm  in  comparatively  simple  substrates,  such  as  molasses-salts  medium 
or  spent  sulfite  liquor,  have  to  synthesize  most  of  their  content  of  vita¬ 
mins. 


Synthesis  of  Vitamins  and  Provitamins 

Microorganisms  can  synthesize  manv  of  the  xitamins  and  some  pro- 
x'itamins.  How'ever,  only  certain  ones  are  prepared  industrially  in  this 
manner,  for  the  production  of  some  of  the  vitamins  is  better  accomplished 
bv  other  means. 

Vif(imin-B  Complex.  Yeasts  are  most  often  used  to  synthesize  (and 
absorb)  vitamins  of  the  B  complex.  They  have  been  reported  to  .synthe¬ 
size  thiamine,  riboflax  in,  p-aminobenzoic  acid,  and  others.  .A  pyrimidine 
and  a  thiazole  added  to  the  medium  are  said  to  faxor  synthesis  of  thia¬ 
mine,  and  added  ^-alanine  to  serxe  as  a  precursor  to  jxmtothenic  acid. 
Also  present,  at  least  in  some  xeasts,  are  niacin,  pyridoxine,  folic  acid, 
biotin,  inositol,  and  choline. 

Riboflavin  mav  be  made  bv  chemical  synthesis  or  produced  by  micro¬ 
organisms.  It  mav  be  recoxered  from  xxastes  of  the  butanol-acetone  fer¬ 
mentation  of  molasses  (u-  grain  ('r  from  xvhey  in  xvhich  Clostridium  are- 
tohutylicum  has  b('en  groxxn.  An  optimum  iron  content  in  the  foregoing 
media  is  important  for  its  effect  on  the  yield  of  riboflavin.  Direct  indus¬ 
trial  production  of  riboflavin  is  chiefly  by  means  of  txvo  very  similar  plant 
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parasites,  Eremothecium  ashhyii  and  Ashhija  gossypii.  E.  ashhtjii  is  grown 
mostly  by  the  submerged  method  in  xarious  proteinaceous  foods,  e.g., 
wastes  such  as  stillage  or  slops  from  the  butanol-acetone  fermentation, 
fortified  variously  with  milk,  malt  extract,  corn-steep  liquor,  peptones, 
yeast,  sugars,  lipides,  minerals,  etc.  Many  other  media  have  been  sug¬ 
gested.  An  incubation  temperature  between  20  and  34°C  (6S  and  93.2°F) 
is  recommended.  A.  oossypH  is  grown  in  media  containing  glucose, 
sucrose,  or  maltose,  peptones,  corn-steep  lic{uor  or  yeast  extract,  and 
lipides.  These  organisms  need  /-inositol,  thiamine,  and  biotin  for  good 
growth  and  produce  best  at  about  26  to  28°C  (78.8  to  82.4°F).  Ribo¬ 
flavin  is  recovered  in  a  crude  form  by  dehvdration  or  in  purer  foiin  by 
precipitation  by  means  of  a  reducing  substance  and  subsequent  crys¬ 
tallization. 

Vitamin  8,2  ( cyanocobalamin ),  the  anti-pernicious-ancmia  factor,  has 
been  recovered  from  waste  products  from  the  production  of  some  of  the 
antibiotics  by  Streptomyces  cultures,  and  is  found  in  appreciable  amounts 
in  activated  sludge. 

Eat-soluble  Vitamins.  Fat-soluble  vitamins  (A,  D,  E,  and  K)  or  pro¬ 
vitamins  for  them  are  svnthesized  by  microorganisms  but  are  not  pro¬ 
duced  industriallv  in  thi.s  manner.  An  exception  is  provitamin  D,  or 
ergosterol,  which  is  made  bv  special  strains  of  yeast,  Saccharomyces 
carhbergensis  for  example,  or  by  molds,  such  as  Aspergillus  fischeri.  In¬ 
dustrially,  most  microbial  ergosterol  is  made  by  means  of  yeasts.  Pro¬ 
duction  bv  veasts  is  favored  by  aeration,  presence  of  nontoxic  oxidizing 
agents,  a  low  content  of  available  nitrogenous  food  and  lipides,  addition 
of  ethanol,  presence  of  available  di-  or  trisaccharides,  and  a  fairly  high 
temperature  during  the  latter  part  of  the  fermentation.  Conversion  of 
ergosterol  to  vitamin  D  is  by  means  of  irradiation  with  ultraviolet  light, 
either  of  yeast  cells  containing  ergosterol  or  of  the  purified  compound. 

Vitamin  C.  Ascorbic  acid,  or  vitamin  C,  is  obtained  bv  chemical  svn- 
thesis  or  from  plant  sources.  In  the  synthesis  of  the  \a’tamin,  D-sorbitol, 

!  obtained  by  the  chemical  reduction  of  glucose,  is  oxidized  by  an  acetic 
I  acid  bacterium,  Acetobacter  suboxklans,  to  L-sorbose,  which  is  then  used 
in  the  chemical  synthesis  of  ascorbic  acid. 

PRODUCTION  OF  OTHER  SUBSTANCES  ADDED  TO  FOODS 

Microorganisms  may  be  employed  to  produce  dextran,  lactic  and  citric 
acids,  and  perhaps  other  substances  to  be  added  to  foods. 

Dextran 

Dextran,  a  gummy  polysaccharide,  made  by  Eeuconostoc  mesenter- 
oides  from  a  molasses  or  refined  sucrose  medium,  may  ser\’e  as  a  sta¬ 
bilizer  for  sugar  sirups,  ice  cream,  or  confections. 
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Lactic  Acid 

For  the  most  part,  lactic  acid  is  produced  industrially  by  means  of 
homofermentative  lactic  acid  bacteria  or  bacteria  resembling  them.  A 
simplified  equation  for  the  production  of  lactic  acid  from  glucose  bv 
such  organisms  is  as  follows: 

lactic  acid 

06111206 - »2CIT.3-CTTOfIC()()TT 

glucose  bacteria  lactic  acid 


Actually  a  series  of  steps  is  involved,  and  small  amounts  of  other  prod¬ 
ucts  are  produced.  It  has  been  estimated  that  edible  lactic  acid  makes  up 
about  half  of  the  acid  produced  by  fermentation. 

Microorganisms  Used.  The  microorganism  used  will  depend  upon  the 
raw  material  to  be  fermented.  Loctohacilhis  delhrueckii  has  been  most 
often  employed  in  the  past  for  lactic  acid  production  from  glucose,  mal¬ 
tose,  or  sucrose,  although  increasing  use  is  being  made  of  a  flat  sour 
bacterium  such  as  Bacillus  coagulans  (B.  thermoacidurans) .  Lacfoha- 
cilliis  hulgaricus  has  been  selected  for  making  lactic  acid  from  whey.  The 
pentose-fermenting  Lactobacillus  penfosus  (L.  planfarum)  is  recom¬ 
mended  for  use  in  spent  sulfite  liquors,  and  Lacfohacilltis  brevis  ( L.  pen- 
foaceticus)  for  hydrolyzed  corncobs,  cottonseed  hulls,  etc.  Molds,  e.g., 
Rhizopus  orifzae,  have  been  used  experimentally  to  produce  lactic  acid 
from  a  glucose-salts  medium. 

Raw  Materials.  It  is  advantageous  in  the  manufacture  of  lactic  acid 
bv  fermentation  to  start  with  a  relatively  simple  medium  or  mash  in 
order  to  facilitate  the  recoverv  of  the  product.  When  glucose,  sucrose, 
or  maltose  is  the  carbohydrate  fermented,  as  with  a  molasses  or  a  starch 
hvdrolvzate  mash,  Lactobacillus  delbrucckii  or  a  flat  sour  bacillus  usu- 
ally  is  employed.  Nitrogenous  food,  minerals,  and  various  growth  factors 
required  by  the  bacteria  mav  be  added  in  the  form  of  malt  sprouts,  corn- 
steep  liquor,  milk,  etc.  Similar  addition  must  be  made  to  spent  stilfite 
liquor  for  growth  of  Lactobacillus  plantarurn.  The  production  of  lactic 
acid  from  whey  by  means  of  Lactobacillus  bulgariciis  also  has  been 
carried  out  on  an  industrial  scale.  Other  raw  materials  that  have  been 
suggested  are  cull  fruits,  Jerusalem  artichokes,  molasses,  beet  juice,  h\- 
droivzed  starchv  materials,  e.g.,  potatoes  or  grains,  and  hydrolyzed  corn¬ 
cobs,  com  stalks,  cottonseed  hulls,  and  straw. 


Production  of  Lactic  Acid.  The  heat-processed  mash  is  held  at  a  tem¬ 
perature  favorable  to  the  organism  with  which  it  is  inoculated:  about 
45°C  (113°F)  for  Lactobaciilus  delbrucckii,  45  to  50'C  (113  to  122°f  ) 
for  Lactobacillus  bulgaricus  or  Bacillus  coagulans,  or  30'"C  (S6"F)  for 
Lactobacillus  plantaruin.  The  optimum  sugar  content  of  the  mash  N'il 
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varv  from  5  to  20  percent,  depending  npon  the  raw  material  and  tlie  fer¬ 
menting  organism.  Anaerobic  conditions  are  maintained  in  the  masl . 
The  pH  is  kept  slightly  on  the  acid  side,  the  lactic  acid  being  neu  ra  iz 
as  formed  by  the  periodic  addition  of  calcium  hydroxide  or  calcium 
carbonate  during  the  several  days  of  the  fermentation.  The  calcium  lac¬ 
tate  may  be  crystallized  as  such  or  converted  to  lactic  acid  by  the  adc  i 
tion  of  sulfuric  acid.  The  edible  grade  of  lactic  acid  requires  considerably 

more  refinins;  than  the  technical  grade. 

Uses  of  Edible  Lactic  Acid.  In  the  food  industries,  lactic  acid  is  used 
to  acidify  jams,  jellies,  confectionery,  sherbets,  soft  drinks,  e.xtracts,  anc 
other  products.  It  is  added  to  brines  for  pickles  and  olives  and  to  horse¬ 
radish  and  fish  to  aid  in  preservation.  Its  addition  makes  milk  more  c  i- 
gestible  for  infants.  Calcium  lactate  is  an  ingredient  of  some  baking 

powders. 


Citric  Acid 

In  the  United  States  most  of  the  citric  acid  is  produced  by  fermen¬ 
tation. 

I  Organisms  Used.  Aspergillus  niger  is  the  principal  mold  used  in  citric 
i  acid  production,  although  various  other  molds  are  known  to  be  able  to 
i  make  the  acid  and  many  have  been  tried  experimentally,  molds  such  as 
I  Aspergillus  clavafus,  A.  wentii,  PeniciUium  luteum,  P.  cifrinum,  ^lucor 
'  pijriformis,  and  others.  Apparently  different  strains  of  A.  niger  are  pre- 
!  ferred  for  surface  methods  of  citric  acid  production  than  for  methods  in¬ 
volving  submerged  growth.  A  simplified,  theoretical  equation  for  the 
production  of  citric  acid  from  glucose  is  as  follows: 

CeHr-Ofi  +  11/2^02^  CellsOT  +  2H2O 
glucose  citric  acid 

A  series  of  intermediate  steps  are  involved,  and  other  products  are  pro¬ 
duced. 

Raw  Materials.  Most  citric  acid  is  made  from  molasses,  with  beet 
molasses  preferred  over  cane.  Cane  blackstrap  and  cane  invert  molasses 
also  have  been  tried,  as  well  as  solutions  of  glucose  or  sucrose  plus 
sources  of  nitrogen  and  minerals.  The  source  of  nitrogen  usually  is  some 
simple  compound  such  as  ammonium  salts  or  urea.  The  concentration  of 
\  mineral  ions  seems  to  be  very  important  in  obtaining  good  yields,  es- 
\  pecially  levels  of  iron,  zinc,  and  manganese.  A  slight  deficiency  in  nitro- 
'  genous  food  and  phosphate  also  favors  production.  Therefore,  factors 
that  tend  to  reduce  the  formation  of  mycelium  below  the  maximum  ap¬ 
pear  to  increase  the  yield  of  citric  acid.  Conditions  favoring  citric  acid 
production  tend  to  suppress  the  formation  of  oxalic  acid. 
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Production  of  Citric  Acid.  Tlie  older  nietliod  of  citric  acid  mamifactiire 
was  hv  means  of  surface  growth;  the  mold  mycelium  was  cultured  on 
shallow  layers  of  medium  in  trays  or  similar  containers.  Modern  methods 
involve  the  submerged  grow  th  of  the  mycelium.  It  should  be  noted  again 
that  the  strain  of  mold  selected  and  the  medium  for  production  differ 
with  the  method  of  cultivation  of  the  mold.  Most  methods  utilize  a  sugar 
concentration  between  14  and  20  percent;  a  fairly  low  pH,  that  is  more 
acid  for  the  surface  method;  a  temperature  of  about  25  to  3()°C  (77  to 
86°F);  and  a  fermentation  period  of  7  to  10  days  for  the  surface  method 
and  a  shorter  time  for  the  submerged  method. 

Uses  of  Citric  Acid.  In  the  food  industries,  citric  acid  is  added  to  \ 
flavoring  extracts,  soft  drinks,  and  candies.  It  has  been  added  to  fish  to  ' 
adjust  the  pH  to  about  5.0  to  aid  in  its  preservation,  to  artichokes  to  en¬ 
able  the  processor  to  utilize  a  milder  heat-treatment  in  their  canning  than 
wordd  otherwise  be  employed,  to  crab  meat  to  prevent  discolorization, 
as  a  synergist  with  antioxidants  for  oils,  and  as  a  dip  for  sliced  peaches 
to  delay  browming.  large  portion  of  the  citric  acid  produced  is  used 
for  medicinal  purposes. 

PRODUCTION  OF  ENZYMES 

The  production  of  enzymes  from  microorganisms  is  an  important  and 
rapidly  growing  industry,  but  one  about  which  there  still  is  considerahle 
secrecy.  How'ever,  some  information  is  available  from  patents  and  from 
a  few  general  articles.  Because  the  separation  and  purification  of  the 
enzvmes  is  difficult  and  costly  and  because  too  much  purification  often 
reduces  their  effectiveness,  most  of  the  enzvmes  are  utilized  in  a  crude 
form,  usually  in  a  preparation  containing  chiefly  the  desired  enzvme  but 
also  other  enzvmes  in  lesser  (|uantitv,  and,  perhaps,  considerable  amounts 
of  inert  material.  Most  of  the  enzymes  prepared  on  an  industrial  scale 
are  hydrolytic. 

.\mylascs 

Although  there  is  some  difference  of  opinion  about  the  classification 
of  the  amvlases,  most  w^orkers  recognize  two  chief  types:  (1)  n'-amylase, 
which  splits  large  starch  molecules  to  form  dextrins  of  lower  molecular 
weight  Init  on  long  action  mav  cause  substantial  saccharification,  and 
(2)  ^-amvlase,  which  attacks  starch  molecules  from  the  ends,  splitting 
off  maltose  and  leaving  lower-molecular-weight  dextrins  for  further  at¬ 
tack.  The  rt-amvlase,  then,  is  primarily  dextrinizing  and  the  /^-amylase 
primarily  saccharifying.  .V  third  enzyme,  maltase  (not  an  amylase),  hy¬ 
drolyzes  maltose  to  glucose.  Much  of  the  amylase  used  in  industry’  is 
pro\'ided  bv  grain  malt,  which  contains  both  amylases,  but  in  \’arving 
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proportions.  Increasing  amounts  of  amylase  are  being  produced,  how- 
eve^!  from  molds  and  bacteria,  some  of  which  yield  «-amylase  and  otheis 

mixtures  of  the  two  amylases.  r  ^  n  r.f 

From.  Molds.  Molds  are  used  as  sourees  of  amylases,  as  well  as 

other  hydrolytic  enzymes,  the  species  and  strain  of  mold  being  selected 
especially  for  the  purpose.  Rhizopiis  delemar,  Mucor  roiixii,  and  re  a  ec 
species  haye  been  employed  in  the  “Amylo”  process,  in  whieh  a  starchy 
crrain  mash  is  saccharified  by  amylases  produced  by  the  mold  growing 
on  it.  This  process  has  been  applied  principally  to  the  preparation  of 
mashes  for  alcoholie  fermentation  by  yeasts.  For  the  production  of  prep¬ 
arations  rich  in  amylases,  Aspergillus  onjzae  has  been  used  most,  al¬ 
though  A.  niger  has  been  recommended  for  submerged  methods  of  pio- 
duction.  The  preparation  of  koji,  the  A.  onjzae  starter  for  soy  sauce  that 
is  rieh  in  amylases,  as  well  as  other  hydrolytic  enzymes,  was  described  m 
the  preceding  chapter. 

Moistened,  steamed  wheat  or  rice  bran  is  used  for  the  production  of 
amylases  from  Aspergillus  onjzae  by  the  tray  method,  in  which  the  mold 
is  grown  on  thin  layers  of  the  medium  in  trays,  or  the  drum  method,  in 
which  the  bran  is  tossed  loosely  in  a  rotating  drum.  A  maximum  yield  is 
obtained  by  the  tray  method  in  40  to  48  hr  at  about  30°C  ( 86  F )  in  an 
atmosphere  with  a  high  humidity  and  adequate  yentilation.  The  amylases 
are  extracted  from  the  mycelium  and  may  be  purified  by  precipitation 
and  washing  or  mav  be  concentrated  as  desired.  Other  hydrolytic  en¬ 
zymes  also  are  present  in  such  preparations. 

From  Bacteria.  Bacillus  suhtilis  has  been  the  principal  bacterium  used 
for  the  production  of  amylases,  although  other  species  of  bacteria  are 
known  to  yield  these  enzymes.  Most  bacteria  produce  more  a-amylase 
than  /5-amylase.  Production  may  be  by  means  of  the  surface-growth 
method  on  shallow  layers  of  mash  in  trays  or  by  the  submerged  method. 

Various  culture  media  or  mashes  haye  been  recommended  for  the  pro¬ 
duction  of  amylases  by  means  of  B.  suhtilis,  ranging  from  a  complex 
medium  such  as  thin  stillage,  a  by-product  of  alcohol  production  from 
grains,  to  a  simpler  medium  consisting  of  soluble  or  hydrolyzed  starch, 
ammonium  salts,  and  buffers.  Another  mash  utilizes  hydrolyzed  soybean 
cake,  peanut  cake,  or  casein  as  a  souree  of  nitrogen,  hydrolyzed  starch 
for  energy,  and  yarious  mineral  salts.  Also,  wheat  bran  has  been  used  in 
a  bran-salts  medium.  Incubation  temperatures  from  25  to  37°C  (77  to 
98.6°F)  and  times  of  from  2  to  6  days  haye  been  employed  in  the  tray 
method  and  24  to  48  hr  at  30  to  40°C  (86  to  I04°F)  in  the  submerged 
method. 


Bacterial  amylase  may  be  purified  and  concentrated  by  dialysis, 
densation,  and  fractional  precipitation. 

Uses  of  Amylases.  In  the  food  industries,  fungal  amylases  hi 
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employed  to  remove  starch  from  fruit  extracts,  e.g.,  in  the  production  of 
pectin  from  apple  pomace,  to  clarify  starch  turbidities  in  wines,  beer, 
and  fruit  juices,  to  convert  acid-modified  starches  to  sweet  sirups,  to  sub¬ 
stitute  for  malt  in  breadmaking  in  aiding  leavening  and  improving  dough 
consistency  and  hence  gas  retention  (proteinases  also  are  involved),  and 
to  saccharify  starch  in  mashes  for  alcoholic  fermentation.  Bacterial  amy¬ 
lase,  chiefly  the  alpha  tyq^e,  has  been  used  in  brewing  to  produce  dex- 
trins  of  low  fermentabilitv  and  also  to  clarifv  the  beer,  and  in  the  manu- 
facture  of  corn  sirup  and  chocolate  sirup  to  prevent  thickening  by  dex- 
trinizing  the  starch  present. 

Invcrtase 

Invertase  catalyzes  the  hydrolysis  of  sucrose  to  glucose  and  fructose. 
The  invertase  of  yeasts  is  a  fructosidase  in  that  it  attacks  the  fructose 
end  of  the  sucrose  molecule,  in  contrast  to  the  glucosidase  of  molds  that 
attacks  the  glucose  end.  Industrially,  invertase  is  produced  mainly  by 
growth  of  special  strains  of  Saccharomyces  cerevisiae  (bottom  type)  in  a 
medium  that  contains  sucrose,  an  ammonium  salt,  and  phosphate  buffer 
and  other  minerals,  and  is  adjusted  to  about  pH  4.5.  Incubation  is  for 
about  8  hr  at  28  to  30°C  (82.4  to  86°F).  For  recovery  of  the  invertase 
the  yeast  cells  are  filtered  off,  compressed,  plasmolyzed,  and  autolyzed. 
The  invertase  extracted  from  the  cells  may  be  dried  with  sugar  or  held  in 
a  sucrose  sirup;  or  the  enzyme  may  be  purified  by  dialysis,  ultrafiltration, 
adsorption,  and  elution.  Most  commercial  preparations  of  invertase  are 
not  highly  purified. 

Uses.  Invertase  is  used  in  the  confectionery  industry  to  make  invert 
sugar  for  the  preparation  of  licpieurs  and  ice  creams  in  which  the  erx's- 
tallization  of  sugars  from  high  concentrations  is  to  be  avoided.  In  soft- 
center,  chocolate-coated  candies,  e.g.,  maraschino  cherries,  invertase  in¬ 
corporated  in  the  centers  softens  the  fondant  after  it  has  been  coated  with 
chocolate.  Invertase  is  added  to  sucrose  sirups  to  hydrolyze  that  sugar 
and  in  this  way  to  prevent  crvstallization  on  standing.  It  also  has  been 
used  in  the  manufacture  of  artificial  honey. 

Pectolytic  Enzymes 

Pectin,  which  is  methylated  polygalacturonic  acid,  is  important  in  food 
industries  because  of  its  ability  to  form  gels  with  sugar  and  acid.  In 
jellies  this  characteristic  is  desirable,  but  not  in  fruit  juices.  Most  au¬ 
thorities  agree  that  chiefly  two  enzymes  are  involved  in  the  hydrolysis 
of  pectin:  pcctinestcrase,  to  hvdrolyze  the  pectin  to  methanol  and  poly¬ 
galacturonic  acid  (pectic  acid),  and  polygalacturonase,  to  hydrolyze  the 
polvgalacturouic  acid  to  monogalacturonic  acid.  Further  hyilrolysis 
would  vield  sugars  and  other  products. 
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The  niixtuie  of  pectoivtic  enzymes  sometimes  is  called  pectiiiase  ( pec- 
tase,  pectinols,  or  filtragols),  a  term  which  will  be  used  here  for  a  mix¬ 
ture  o^f  pectoivtic  enzymes  such  as  is  produced  by  microorganisms.  Pec- 
tinase  is  Yielded  bv  a  number  of  molds  and  by  various  bacteria,  incluc  mg 
the  Clostridia  involved  in  retting.  Only  the  fungal  type  of  pectinase  is 
produced  industrially  to  any  extent,  and  this  from  molds  such  as  species 
of  Asncmllm,  Peniciniiim,  and  other  genera.  The  mycelium  is  developer 
on  a  medium  containing  pectin  or  a  pectinlike  compound,  a  nitrogen 
source,  such  as  ammonia,  plant,  yeast  or  malt  extract,  peptone,  etc  anr 
mineral  salts.  The  mycelium  is  harvested,  macerated,  and  extracted,  and 
the  crude  enzyme  mixture  thus  obtained  may  be  precipitated  and  con- 


centrated.  .  , 

Uses.  Pectinases  from  extracts  of  plant  materials  or  from  fimgi  are  nsecl 

in  the  food  industries  for  the  clarification  of  fruit  juices,  wines,  \'inegars, 
sirups,  and  jellies  that  may  contain  suspended  pectic  material.  Treatment 
of  fruit  juices  with  pectinase  helps  prevent  jelling  of  the  juices  upon  con¬ 
centration.  The  addition  of  pectinase  to  crushed  fruit,  e.g.,  grapes,  aids 
in  the  expression  of  the  juice  and  results  in  wines  that  claiify  leadily. 
Partial  deesterification  by  means  of  pectinesterase  to  yield  modified  pec¬ 
tins  which  set  slowly  is  employed  in  the  manufacture  of  candy  jellies  of 
high  sugar  content. 


Proteolytic  Enzymes 

The  proteolytic  enzymes,  or  proteases,  include  the  proteinases,  which 
catalyze  the  hydrolysis  of  the  protein  molecule  into  large  fragments,  and 
the  peptidases,  which  hydrolyze  these  pob’peptide  fragments  as  far  down 
as  amino  acids.  The  proteolytic  enzyme  preparations  from  microorgan¬ 
isms  are  proteases,  that  is,  mixtures  of  proteinases  and  peptidases.  Pro¬ 
teases  also  are  prepared  from  plant  or  animal  sources. 

From  Bacteria.  For  the  most  part,  bacterial  protease  is  prepared  from 
:  cultures  of  Bacillus  stdyfilis,  although  many  other  bacteria  yield  proteases. 

I  A  high-yielding  strain  is  selected,  special  culture  media  are  employed, 

and  temperature  and  degree  of  aeration  are  adjusted  to  fayor  the  pro¬ 
duction  of  protease  oyer  that  of  amylase.  The  medium  or  mash  has  a 
fairly  high  content  of  carbohydrate  (2  to  6  percent),  as  well  as  of  protein, 
and  also  contains  mineral  salts.  Incubation  is  for  3  to  5  days  at  about 
37°C  (98.6°F)  with  adecpiate  ventilation.  The  filtrate  from  the  culture 
is  concentrated  and  the  enzymes  are  used  in  this  form,  or  are  purified 
further,  or  are  adsorbed  onto  some  inert  material,  such  as  sawdust.  The 
enzyme  mixture  also  contains  varying  amounts  of  amylases. 

From  Molds.  Protease  preparations  from  molds  also  contain  other  en¬ 
zymes.  Thus  the  koji  for  soy  sauce  or  the  Taka  diastase  for  pharmaceuti¬ 
cal  purposes  contains  a  variety  of  enzymes.  It  is  possible,  however,  to 
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select  strains  of  molds  that  give  high  yields  of  proteases  and  compara¬ 
tively  low  yields  of  other  enzymes.  The  mold  also  can  he  chosen  for  its 
ability  to  produce  proteases  which  are  active  under  acid  conditions  or 
activ^e  under  alkaline  conditions.  The  methods  of  preparation  of  mold 
proteases  are  similar  to  those  for  the  production  of  amvlases.  Aspergillus 
oryzcie  is  a  good  source  of  proteases,  although  other  molds  have  been 
recommended.  Many  different  media  have  l^een  suggested,  including 
those  containing  wheat  bran,  soybean  cake,  alfalfa  meal,  middlings,  veast, 
and  other  materials.  Recovery  of  the  enzyme  is  by  e.xtraction,  concentra¬ 
tion,  and  precipitation,  as  for  other  hvdrolvtic  enzymes. 

Uses.  The  proteases  from  microorganisms  are  used  primarily  for  their 
proteinase  activity.  Bacterial  proteases  have  been  applied  to  the  digestion 
of  fish  livers  to  liberate  fish  oil,  to  tlie  tenderization  of  meat,  and  to  the 
clarification  and  maturing  of  malt  beverages.  Fungal  proteases  are  active 
in  the  manufacture  of  sov  sauce  and  other  Oriental  mold-fermented  foods 
and  mav  be  added  to  bread  dough,  where,  along  with  amylase,  they  help 
improve  the  consistency  of  the  dough.  They  also  mav  be  used  for  chill¬ 
proofing  beer  and  ale  bv  removal  of  protein  haze  ( the  fungal  tannase 
present  also  mav  be  helpful),  for  the  tenderization  of  meats,  for  thinning 
egg  white  so  that  it  can  be  filtered  before  drying,  and  for  the  hydrolysis 
of  the  gelatinous  protein  material  in  fish  waste  and  press  water  to  facili¬ 
tate  concentration  and  drying. 


Catalase 

Catalase  usually  is  obtained  from  animal  organs  but  can  be  prepared 
from  a  mold  grown  in  an  aerated,  agitated  culture.  It  is  used  to  neutralize 
excess  hydrogen  peroxide  in  processes  in\olving  the  combined  action  of 
mild  heat  and  the  peroxide  as  applied  to  milk  and  other  foods. 

Clucosc-oxidasc 

Glucose-oxidase  is  produced  by  the  submerged  growth  of  Aspergillus 
n'ger  or  another  mold.  It  is  used  to  remove'  glucose  from  egg  white  or 
wliole  eggs  to  facilitate  drying,  prevent  deterioration,  and  improxe  the 
whipping  properties  (of  the  reconstituted  dried  whites).  Tt  has  been  em¬ 
ployed  also  to  extend  the  shelf  life  of  canned  soft  drinks  by  retarding 
the  pickup  of  iron  and  the  fading  of  color.  Oxidation  of  the  glucose  by 
glucose-oxidase  forms  gluconic  acid  and  hydrogen  peroxide,  the  kitttr 
then  being  decomposed  by  the  catalase  in  the  same  preparation. 


Other  Fnzvmes 

Uiifloubtedlv  the  enzvmes  just  discussed  are  not  the  only  ones  which 
are  now  being  prepar('d  or  which  will  b('  made  by  means  of  microorg.m- 
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isms,  l)ut  iiiformuticm  leganling  tlie  pniduction  and  use 
zvmes  is  scanty  or  una\’ailable  at  present. 


of  additional  en- 
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PART  FIVE 


Foods  in  Relation  to  Disease 


Every  food  microbiologist  should  know  how  disease  may  be 
foods  and  how  such  transmission  can  be  prevented.  Of  special 
so-called  “food  poisoning,”  which  may  be  true  food  poisoning 
infection,  and  the  investigation  of  outbreaks  of  food  poisoning. 


spread  by 
interest  is 
or  be  food 


CHAPTER  30  Food  Poisonings  cind  Infections 


Gastrointestinal  disturbances  resulting  from  the  ingestion  of  food  can 
lave  a  variety  of  causes,  such  as  overeating,  allergies  and  nutritional  de- 
iciencies,  actual  poisoning  by  chemicals,  toxic  plants  or  animals,  toxins 
»roduced  by  bacteria,  infestation  by  animal  parasites,  or  infection  by 
nicroorganisms.  These  illnesses  often  are  grouped  together  because  they 
lave  rather  similar  symptoms  at  times  and  sometimes  are  mistaken  one 
or  the  other. 


POISONING  BY  CHEMICALS 

Poisoning  by  consumption  of  chemicals  is  rather  uncommon  and  usu- 
illy  is  characterized  by  appearance  of  the  symptoms  within  a  short  time 
ifter  the  poisonous  food  is  eaten.  Antimony,  arsenic,  cadmium,  lead,  and 
dne  in  foods  have  been  blamed  for  food  poisoning.  Poisonous  chemicals 
nay  enter  foods  from  utensils,  e.g.,  from  cadmium-plated  ware  or  cheap 
‘nameled  ware  containing  antimonv.  The  insecticide  sodium  fluoride 
las  been  accidentally  added  to  food  in  place  of  baking  powder,  flour, 
:lry  milk,  or  starch.  Lead  and  arsenic  residues  from  fruit  sprays  may  be 
)n  the  surfaces  of  fruits,  but  usuallv  in  harmless  amounts,  especially 
ifter  washing.  Often  the  source  of  poison  is  wrongly  attributed  to  food; 
nethyl  chloride  poisoning  from  a  leaking  mechanical  refrigerator,  for  ex¬ 
ample,  or  poisoning  from  materials  that  are  hazards  in  some  industries 
aas  been  mistaken  for  food  poisoning. 


POISONOUS  PLANTS  AND  ANIMALS 

Gastrointestinal  disturbances  or  even  death  mav  result  from  the  con¬ 
sumption  of  plants  or  plant  products.  Favism  is  poisoning  from  eating 
young  fava  beans  or  even  from  smelling  the  blossoms  of  the  plant.  Snake- 
root  poisoning  results  from  drinking  milk  from  cows  that  have  fed  on  this 
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or  a  similar  weed.  Rhubarb  greens  have  been  reported  responsible  for 
oxalic  acid  poisoning.  The  eating  of  poisonous  varieties  of  mushrooms, 
mistaken  for  the  edible  kinds,  causes  mushroom  poisoning. 

Ocean  mussels  and  clams  during  certain  seasons  of  the  year  contain  a 
poisonous  alkaloid,  apparently  from  plankton  consumed  by  the  shellfish. 
Some  fish  found  in  tropical  waters  are  poisonous. 

“POISONING”  BY  MICROORGANISMS  AND  THEIR  PRODUCTS 

Ordinarily,  the  term  “food  poisoning,”  as  applied  to  diseases  caus('d 
bv  microoreanisms,  is  used  verv  looselv  to  include  both  illnesses  caused 
bv  the  ingestion  of  toxins  elaborated  by  the  organisms  and  those  result¬ 
ing  from  infection  of  the  host  through  the  intestinal  tract.  Here,  food  ill¬ 
ness  will  be  emploved  as  a  general  term  for  any  disease  caused  by  eating 
food.  A  food  poisoning  will  refer  to  an  iljness  caused  by  a  poison  present 
in  the  food  when  it  is  consumed;  and  a  food  infection  will  mean  an  ill¬ 
ness  caused  by  an  infection  produced  by  invasion,  growth,  and  damage 
to  the  tissue  of  the  host  by  pathogenic  organisms  carried  by  the  food. 

There  are  two  chief  kinds  of  food  poisoning  caused  by  bacteria:  (1) 
botulism,  caused  by  the  presence  in  food  of  toxin  produced  by  Clostri¬ 
dium  hotulimim  (or  C.  parahotuUniim),  and  (2)  staphylococcus  poison¬ 
ing,  caused  by  a  toxin  in  the  food  from  Stapht/Iococctis  aureus  (Micro¬ 
coccus  pifogenes  var.  aureus). 

Food  infections  may  be  divided  into  two  types:  (1)  those  in  which  the 
food  does  not  ordinarily  support  growth  of  the  pathogens  but  merely 
carries  them,  pathogens  such  as  those  causing  tuberculosis,  diphtheria, 
the  dvsenteries,  tvphoid  fever,  brucellosis,  cholera,  etc.;  and  (2)  those  in 
which  the  food  can  serve  as  a  culture  medium  for  growth  of  the  patho¬ 
gens  to  numbers  that  will  increase  the  likelihood  of  infection  of  the  con 
Tumer  of  the  food;  these  are  chiefly  pathogens  of  the  genera  SahnoneWi 
and  Streptococcus.  Outbreaks  of  food  infections  caused  by  species  of 
these  two  genera  are  likely  to  be  more  explosive  than  outbreaks  caused 
by  other  intestinal  pathogens. 


TRUE  FOOD  POISONING 
Botulism 

Botulism  is  a  true  food  poisoning,  caused  by  the  ingestion  of  food  con¬ 
taining  the  exotoxin  produced  by  Clostridium  hotulimim  during  »t, 

growth  in  the  food. 

The  Organism.  This  rod-shaped  soil  bacterium  is  saprophytic,  spore¬ 
forming,  gas-forming,  and  anaerobic.  In  the  seventh  edition  of  Bergey 
Manual  of  Determinative  Bacteriolog>"  it  is  suggested  that  the  naint 
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hotidimnn  be  applied  to  the  nonovolytie  (albumin  not  liquefied)  type 
f  organism  and  C.  parahotidimim  to  the  ovolytie  type.  In  the  following 
iseussion  only  the  name  Clostridituu  hoftdinuni  will  be  applied  to  all 
^pes  of  elostridia  eausing  l)otulism.  Five  types  are  distinguished  on  the 
lasis  of  the  serologieal  speeifieity  of  their  toxins 

Type  A  (ovolytie)  is  the  one  that  most  commonly  causes  human  botu- 
sm  in  the  western  part  of  the  United  States.  It  usually  is  more  toxic  than 
^pe  B. 

Type  B  (some  ovolvtie  and  others  not)  is  found  more  often  than  Type 
L  in  most  soils  of  the  world  and  is  less  toxic  to  human  beings. 

Type  C  (nonovolytie)  causes  botulism  of  fowls,  cattle,  mink,  and  other 
nimals,  but  not  of  human  beings  so  far  as  is  known. 

Type  D  ( nonovolvtic )  is  associated  with  forage  poisoning  of  cattle  in 
lie  Union  of  South  Africa  and  does  not  affect  human  beings. 

Type  E  (nonovolytie),  which  is  toxic  for  man  and  the  horse,  has  been 
btained  chiefly  from  fish  and  fish  products. 

Type  A  strains  and  most  cultures  of  tv^pe  B  are  proteolytic  and  are 
mti'efactive  enough  to  give  an  obnoxious  odor  to  proteinaceous  foods, 
mt  some  strains  of  type  B  and  those  of  tvpe  E  are  not.  Even  the  first 
wo  types  fail  to  give  marked  indications  of  putrefaction  in  low-protein 
oods  such  as  string  beans  and  corn,  although  they  produce  toxin.  The 
irganism  ferments  carbohydrates  with  gas  production,  but  sometimes 
his,  too,  is  not  evident.  ~ 

Growth  and  Toxin  Production.  Toxin  production  by  C.  hotuVmum  de- 
)ends  upon  its  ability  to  grow  in  a  food.  Therefore,  the  factors  that  in- 
luence  spore  germination,  growth,  and  hence  toxin  production  are  of 
pecial  interest.  These  factors  include  the  composition  of  the  food  (or 
nedium),  especially  its  nutritive  properties,  moisture  content,  pH,  oxida- 
ion-reduction  potential,  and  salt  content,  and  the  temperature  and  time 
•f  storage  of  the  food.  It  is  the  combination  of  these  factors  that  de¬ 
ermines  whether  growth  can  take  place  and  the  rate  and  extent  of  that 
growth.  Thus  the  nutritive  properties  of  the  food  are  likely  to  determine 
he  minimum  pH  or  temperature  and  the  maximum  concentration  of 
odium  chloride  for  growth  and  toxin  production.  Results  will  differ 
vith  the  serological  type  of  organism  and  the  particular  strain. 

Although  foods  are  known  to  differ  as  culture  media  for  C.  hotidinum, 
nuch  of  the  evidence  is  empirical.  Most  of  the  studies  have  been  on  toxin 
)roduction  in  various  foods.  Meats,  fish,  and  low-  or  medium-acid  canned 
oods  have  been  showm  to  support  toxin  production  and  to  differ  in  the 
)otency  of  the  toxin  formed.  Even  good  culture  media  may  differ  in  the 
elative  potency  of  the  toxin  formed  in  them.  It  has  been  reported,  for 
nstance,  that  media  containing  milk  or  casein,  glucose,  and  corn-sieep 
iquor  yield  more  potent  type  A  toxin  than  other  media,  and  that  poten- 


392 


Fooch  in  Relation  to  Disease 


cies  of  toxin  from  the  following  canned  foods  are,  in  descending  order: 
corn  >  peas  >  string  beans  >  spinach.  Dissolved  tin  from  cans  has  been 
shown  to  inhibit  growth  and  toxin  production  in  canned  vegetables.  Ex¬ 
periments  on  dehydrated  meat  have  shown  that  toxin  was  produced  more 
slowly  when  the  moisture  content  was  40  percent  than  when  it  was  60 
percent,  and  that  reduction  to  30  percent  prexented  toxin  production. 

The  concentrations  of  sodium  chloride  necessary  to  prevent  growth 
and  toxin  production  in  foods  depend  upon  the  composition  of  the  food 
and  the  temperature.  The  presence  of  sodium  nitrate  in  sausage  or  of 
disodium  phosphate  in  cheese  spread  reduces  the  level  of  sodium 
chloride  necessary  to  prevent  toxin  production.  More  salt  is  needed  at 
a  higher  temperature,  such  as  37°C,  than  at  a  lower  one,  e.g.,  15°C. 
Under  favourable  conditions  for  growth  8  percent  or  more  of  salt  is 
needed  to  inhibit  C.  I)otulinum. 

A  pH  near  neutrality  favors  C.  hotulinum.  The  minimum  pH  at  which 
growth  and  toxin  production  will  take  place  will  depend  upon  the  kind 
of  food  and  the  temperature.  Workers  in  the  laboratories  of  the  National 


Canners  Association  have  tested  spore  germination,  growth,  and  toxin 
production  by  strains  of  both  types  A  and  B  hotulinum  cultures  in  a 
variety  of  foods  adjusted  to  different  pH  levels.  These  foods  included 
green  peppers,  pimientos,  eggplant,  fruit  puddings,  spaghetti  with  sauce 
or  with  meat,  vegetable-juice  cocktails,  etc.,  that  often  are  acidified 
before  the  heat  process  to  permit  a  less  rigorous  heating  than  would  he 
ref|uired  otherwise.  Thev  obtained  different  results  with  the  v^arious 
foods  and  the  different  strains,  although  type  A  strains  would,  w  ith  one 
exception,  produce  toxin  at  a  low'cr  jiH  than  type  B  strains.  They  agree 
wdth  other  workers  that  a  pH  of  4.7  or  lower  will  prevent  toxin  produc¬ 
tion  in  most  foods.  C.  ])OfiiIiuiim  has  been  found  growing  and  producing 
toxin,  how^ever,  in  foods  that  normally  are  too  acid  for  it,  wTen  other 
microorganisms  also  w^ere  growing  in  the  food  and  presumably  raising 
the  pH  locally  or  generally. 

Temperature  is  an  important  factor  in  determining  whether  toxin  pro¬ 
duction  will  take  place  and  what  the  rate  of  that  production  will  he. 
Vegetative  growth  will  take  place  at  a  lower  temperature  than  the  mini¬ 
mum  for  spore  germination.  Different  strains  of  C.  hotuUnuni  varx’  m 
their  temperature  requirements.  A  fexv  strains  haxe  been  reported  iihle 
to  groxv  at  10  or  11°C  (50  or  51.S°F),  but  about  15'T:  (5fUF)  has  been 
claimed  to  be  the  loxvest  temperature  for  spore  germination.  Although 
‘X7°C  /"OSG^F)  often  is  gixen  as  the  optimum  temperature  for  the  organ- 
LMor;  toxin  nsnallv  ix  ptoclncocl  at  lower  te.nperatnros,  possiblr 
because  the  toxin  is  less  stable  at  the  higher  temperatures.  OIn  iously,  the 
slower  the  rate  of  toxin  production,  the  longer  it  will  lake  to  obtain 


appreciable  amounts. 
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The  growth  of  C.  botulinum  in  some  foods  results  in  such  a  foul, 
ncid  odor  that  they  would  be  rejected.  Meats  and  proteinaceous,  low- 
nd  vegetables  develop  an  especially  obnoxious  odor.  More  acid  foods, 
Dwever,  and  those  low  in  proteins  may  become  just  as  toxic  without 
uch  evidence  of  putrefaction.  Moreover,  the  nonovolytic  strains  of  C. 
ituliniiin  give  less  evidence  of  spoilage  than  the  ovolytic  ones.  Also,  gas 
roduction  is  not  always  evident  and  therefore  is  not  a  reliable  indica- 
on  of  spoilage  by  this  organism.  Certainly  it  is  advisable  to  reject  all 
)ods,  raw  or  canned,  that  give  e\'idences  of  spoilage  and  to  do  as  the 
mners  have  done  for  years — reject  canned  foods  that  exhibit  any  pres- 
ire  in  the  container. 

The  Toxin.  The  toxin  produced  by  C.  hotidinuin  is  the  most  potent 
nown,  so  powerful  that  only  a  small  amount  is  needed  to  cause  death, 
he  toxin  is  a  protein  that  has  been  purified  and  crystallized.  An  im- 
ortant  characteristic  of  the  toxin  is  its  comparative  thermolability.  The 
eat-treatment  necessarv  to  destrov  it  depends  upon  the  type  of  organism 
roducing  the  toxin  and  the  medium  in  which  it  is  heated.  In  the  labora- 
3ry,  heat-treatments  of  from  a  few  minutes  to  30  min  at  80°C  (176°F) 
ave  been  reported  to  inacti\’ate  the  toxin,  but  in  practice  it  is  recom- 
lended  that  suspected  foods  be  kept  at  a  full  boil  for  at  least  15  min. 
"he  toxin  has  been  known  to  persist  in  foods  for  long  periods,  especially 
^^hen  storage  has  been  at  low  temperatures.  As  has  been  indicated,  the 
oxins  of  the  five  types  of  bacteria  causing  botulism  are  antigenic,  causing 
he  production  of  antitoxin  specific  for  the  tvpe  of  toxin  infected.  Toxoids 
lave  been  prepared  for  the  acti\'e  immunization  of  workers  who  might 
)e  exposed  to  accidental  poisoning  by  the  toxin  of  botulism. 

Heat  Resistance  of  Spores.  Compared  with  the  spores  of  most  other 
Clostridium  species,  those  of  some  of  the  putrefacti\^e  anaerobes,  includ- 
ng  C.  botulinum,  have  a  comparatively  high  resistance  to  heat.  The  heat- 
reatment  necessary  to  destroy  all  of  the  spores  in  a  food  will  depend 
ipon  the  kind  of  food,  the  type  and  strain  of  C.  botulinum,  the  medium 
n  which  the  spores  were  formed,  the  temperature  at  which  thev  were 
)roduced,  the  age  of  the  spores,  and  the  numbers  of  spores  present.  The 
eader  should  refer  to  Chapter  7  for  a  discussion  of  the  factors  that  in- 
luence  the  heat  resistance  of  spores.  Estv^  has  recommended  the  fol- 
owing  heat-treatments  to  destroy  all  spores  of  C.  Ijoftdinum  in  a  food: 


ino°c 

(2I2°F) . 

.  .  3()0 

min 

0221  °F) . 

.  120 

min 

iio°r 

(230°F) . 

.  3() 

min 

115°C 

(239°F) . 

.  12 

min 

120°C 

(248°F) . 
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‘  J.  R.  Esty,  Am.  }.  PuhJic  Health,  1.3:  108-113  (1923). 
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In  general,  spores  of  organisms  of  types  C,  D,  and  E  are  less  heat- 
resistant  than  those  of  types  A  and  B. 

Minimum  heat  processes  for  canned  foods  recommended  bv  the  \a- 
tional  Canners  Association  and  other  agencies  are  sufficient  to  destroy 
all  spores  of  C.  hotulinnm  and  allow  a  good  margin  of  safety.  As  has 
been  indicated  previously,  one  of  the  (juestions  raised  concerning  new 
methods  for  processing  foods,  such  as  heat  plus  antibiotics  or  irradiation, 
is  whether  these  processes  will  guarantee  the  destruction  of  spores  of  C. 
hotulinum  or  at  least  prevention  of  their  germination. 

Distribution  of  Spores.  The  habitat  of  C.  hotulinum  is  believ'ed  to  he 
the  soil,  for  spores  have  been  found  in  both  cultivated  and  \irgin  soils 
all  ov^er  the  world.  Tests  have  shown  that  t\'pe  A  spores  are  found  more 


Table  30-1.  Home-canned  Foods  Causing  Six  or  More  Outbreaks  of  Botulism 

during  the  Period  1899—1947  (U.S.) 


Xumher  of 


Food  Outbreaks 

String  beans . 

Corn . 

Beets .  -- 

.\sparaKUS .  ‘-1 

Spinach  and  chard .  1- 

Peas .  10 

Figs .  10 


Xundter  of 


Food  Outhreuks 

Beet  greens .  0 

Chili  peppers .  0 

Beans .  7 

Tomatoes .  7 

Mushrooms .  <’) 

Sausages .  0 

Fish .  10 


in  western  soils  in  this  country  and  type  B  spores  elsewhere.  Plant  crops- 
may  become  contaminated  from  the  soil,  and  intestinal  contents  ancP 
hence  manure  of  animals  after  consumption  of  such  plants. 

Incidence  of  Botulism.  Fortunately,  botulism  occurs  only  rarely;  but  iti 
always  receives  much  attention  because  of  the  high  mortality.  In  thc^< 
United  States  from  1938  to  1953,  inclusive,  there  was  an  average  of  les« 
than  seven  outbreaks  reported  per  year.  The  incidence  has  decreasech 
with  increased  use  of  pressure  cookers  in  home  canning. 

Foods  Involved.  In  this  country,  inaderiuately  processed  home-canne(  < 
foods  are  most  often  the  cause  of  botulism;  and  in  Euroiie  the  main 
causes  are  preserved  meats  and  fish.  Of  the  canned  foods,  thos(‘  most 
often  responsible  for  botulism  have  been  string  beans,  sweet  corn,  beets- 
asparagus,  and  spinach  and  chard,  but  each  of  many  other  kinds  of  fooc- 
has  been  responsible  for  one  or  several  outbreaks  (fifty  kinds 
fruits  and  vegetables  have  been  involved  between  1899  and  194.  ).  Tahlt 
30-1  lists  home-canned  foods  responsible  for  six  or  more  outbreaks  m 
botulism  in  the  United  States  in  the  period  1899  to  194 1.  In  / 

low-  and  medium-acid  canned  foods  are  most  often  incriminated,  bu. 
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ere  have  been  exceptional  instances  of  poisoning  from  acid  foods,  such 
tomatoes,  apricots,  pears,  and  peaches.  Tliese  acid  foods  had  been 
osslv  undeiprocessed,  and  tlie  underprocessnig  had  permitted  the 
owt'h  of  other  microorganisms  to  aid  growth  and  toxin  production  by 
hohilimim.  It  should  be  emphasized  that,  with  one  possible  excephon, 
,ere  has  been  no  outbreak  of  botulism  in  this  country  from  contmercial  y 

nned  foods  since  1925. 

Meats,  fish  and  seafood,  and  milk  and  milk  products  also  Inave  been 
isponsible  for  outbreaks  of  botulism.  Sausage  and  ham  oben  are  m- 
3lved;  in  fact,  the  name  botulism  is  derived  from  the  Latin  word  tor 
lusage,  hofidus,  because  the  first  recognized  European  outbreaks  were 
msed  by  spoiled  sausages.  Outbreaks  from  some  nineteen  kinds  of  meat 
roducts  and  nine  kinds  of  seafood  were  reported  in  the  United  States 
the  period  1899  to  1947,  and  a  few  cases  have  been  caused  by  milk 
id  milk  products. 

Investigators  have  shown  that  spores  of  C.  hotidiniim  will  suivive  long 
orage  periods  in  raw  and  precooked  frozen  foods,  and  could  grow  and 
roduce  toxin  if  these  foods  were  held  for  a  long  enough  time  at  a  high 
loiigh  temperature  after  thawing.  To  date,  no  such  outbreak  of 
otulism  has  been  reported. 

The  Disease.  Man  is  so  susceptible  to  botulism  that  if  appreciable 
aiounts  of  toxin  are  present  everyone  who  eats  the  food  becomes  ill; 
lid  consumption  of  very  small  pieces  of  food,  a  pod  of  a  stiing  bean 
r  a  few  peas,  causes  illness  and  usually  death  if  potent  toxin  is  present, 
he  typical  symptoms  of  botulism  usually  appear  within  12  to  36  hi, 
Ithough  a  longer  or  a  shorter  time  may  be  re({uired.  The  earliest  synip- 
ims  usually  are  fatigue,  dizziness,  and  perhaps  a  headache.  Nausea, 
omiting,  and  diarrhea  mav  occur  early,  but  these  symptoms  are  not 
onsidered  typical  and  apparently  are  not  related  to  the  involvement 
f  the  nervous  system  characteristic  of  the  action  of  the  toxin.  Double 
ision  may  be  evident  early,  and  difficulty  in  swallowing  and  speaking 
lay  be  noted.  Patients  may  complain  of  dryness  of  the  mouth  and  con- 
triction  of  the  throat,  and  the  tongue  may  become  swollen  and  coated, 
iastric  evidence  usually  is  lacking;  in  fact,  constipation  is  more  likely 
lian  diarrhea.  The  temperature  of  the  victim  is  normal  or  subnormal, 
’aralysis  spreads  to  the  respiratory  system  and  heart,  and  death  usually 
5  due  to  respiratory  failure.  In  fatal  cases,  death  usually  conies  within 
>  to  6  days  after  the  poisonous  food  has  been  consumed,  but  the  period 
nay  be  shorter  or  longer. 

The  mortality  averages  over  65  percent  in  the  United  States,  but  is 
considerably  lower  in  Europe,  about  20  percent  in  Germany,  for  example. 

The  only  known  method  for  the  successful  treatment  of  botulism  is 
he  administration  of  a  polyvalent  antitoxin.  Unfortunately,  this  injec- 
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tion  usually  is  not  successful  if  made  after  the  symptoms  of  botulism 
have  appeared,  but  it  should  always  be  used  at  the  earliest  possible 
moment,  for  it  might  prove  helpful.  Other  treatments  include  keeping 
the  patient  quiet,  maintaining  the  fluid  balance  in  the  body,  and,  per¬ 
haps,  elimination  treatments. 

Conditions  Necessary  for  an  Outbreak.  The  following  conditions  are 
necessary  for  an  outbreak  of  botulism:  (1)  presence  of  spores  of  C. 
hottdintim  of  type  A,  B,  or  E  in  the  food  being  canned  or  being  proc¬ 
essed  in  some  other  way;  (2)  a  food  in  which  the  spores  can  germinate 
and  the  clostridium  can  grow  and  produce  toxin;  (3)  survival  of  the 
spores  of  the  organism,  e.g.,  because  of  inadecpiate  heating  in  canning 
or  inadecjuate  processing  otherwise;  (4)  environmental  conditions  after 
processing  that  will  permit  germination  of  the  spores  and  growth  and 
toxin  production  by  the  organism;  (5)  insufficient  cooking  of  the  food 
to  inactivate  the  toxin;  and  (6)  ingestion  of  the  toxin-bearing  food. 

Prevention  of  Outbreaks.  The  methods  and  precautions  for  the  preven¬ 
tion  of  botulism  that  have  been  mentioned  in  the  preceding  discussion 
include  (1)  use  of  approved  heat  processes  for  canned  foods;  (2)  rejec¬ 
tion  of  all  gassv  (swollen)  or  otherwise  spoiled  canned  foods;  (3)  re¬ 
fusal  even  to  taste  a  doubtful  food;  (4)  avoidance  of  foods  that  have 
been  cooked,  held,  and  not  well  reheated;  and  (5)  boiling  of  a  suspected 
food  for  at  least  15  min.  To  this  list  might  be  added  avoidance  of  raw 
or  precooked  foods  that  have  been  frozen,  thawed,  and  held  at  room 
temperatures. 

Staphylococcus  Food  Poisoning 

This  most  commonly  occurring  true  food  poisoning  is  caused  by  the 
ingestion  of  enterotoxin  formed  in  food  during  growth  of  a  coccus.  The 
toxin  is  termed  an  enterotoxin  because  it  causes  gastroenteritis  or  in¬ 
flammation  of  the  lining  of  the  stomach  and  intestines.  Various  names 
have  been  applied  to  tlie  coccus:  the  name  now  accepted  is  Staphylo¬ 
coccus  aureus;  it  was  Micrococcus  pyogenes  var.  aureus  ( according ^to 
the  sixth  edition  of  “Bergey’s  Manual  of  Determinative  Bacteriology'  ). 

The  Organism.  The  organism  is  a  typical  staphylococcus  or  micro-- 
coccus,  occurring  in  masses  like  clusters  of  grapes  or  in  pairs  and  short 
chains.  Growth  on  solid  media  usually  is  golden  or  yellow  but  may  Ix’* 
unpigmented  in  some  strains.  Niven  points  out  that  all  of  the  enttro 
toxin-producing  Staphylococcus  aureus  cultures  are  coagulase-positive' 
(coagulating  oxalated  blood  plasma)  and  are  facultative  in  their  oxNgeni 
requirements  in  a  complex  glucose  medium.  However,  not  all  coagulase-- 
positive  staphvlococci  are  necessarily  toxigenic.  Some  of  the  toxigenic 
cocci  are  verv  salt-tolerant,  growing  in  sodium  chloride  sohitions  thatl! 
approach  saturation,  and  also  tolerate  nitrites  fairly  well  and  therefort  I 
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m  erow  in  curing  solutions  and  on  curing  and  cured  meats  if  otliei  en 
.ronmental  conditions  are  favorable.  They  also  are  fairly  tolerant  of  dis- 
,lved  sucrars.  They  are  fermentative  and  proteolytic,  but  usually  do 
3t  produce  obnoxious  odors  from  most  foods  or  make  them  appear  un- 
tractive.  The  enterotoxin-producing  staphylococci  yield  several  other 
)xins  as  well.  The  cocci  apparently  can  grow  at  a  lower  pH,  below  5.U 
nder  aerobic  conditions  than  under  anaerobic  ones.  Therefore,  acid 
lods,  such  as  sausages  that  have  undergone  a  lactic  acid  fermentation 
sually  do  not  cause  staphylococcic  poisoning,  but  inoculated  low-  anc 
ledium-acid  canned  foods  can  support  growth  and  toxin  production, 
die  staphylococci  are  fairly  heat-resistant  and  are  not  always  killed  ly 
lasteurization,  such  as  that  given  milk,  if  they  are  m  high  concentration; 
Hit  as  will  be  noted  the  enterotoxin  is  rather  heat-stable. 

The  sources  from  which  the  food-poisoning  staphylococci  enter  foods 
re,  for  the  most  part,  human  or  animal.  The  nasal  passages  of  many  pei- 
ons  are  laden  with  these  organisms,  which  are  a  common  cause  of  sinus 
nfections.  Also,  boils  and  infected  wounds  may  be  sources.  The  human 
kin  apparently  is  a  source  of  these  bacteria  only  when  they  have  come 
rom  nasal  passages  or  local  infections.  Staphylococci  are  becoming  in- 
;reasingly  important  in  causing  mastitis  of  cows,  and  some  of  these  cocci 
;an  form  enterotoxin  in  milk  or  milk  products.  Ordinarily,  air  is  a  rela- 
ively  unimportant  source  of  the  cocci,  except  when  they  are  being  intro- 
luced  there  from  human  sources. 

The  Enterotoxin.  Appreciable  levels  of  enterotoxin  are  produced  only 
ifter  considerable  growth  of  the  staphylococcus;  usually  a  population  of 
It  least  several  millions  per  milliliter  or  gram  must  be  attained.  There- 
ore,  the  conditions  that  favor  toxin  production  are  those  best  for  growth 
T  the  staphylococcus.  It  has  been  reported  that  toxin  is  produced  at  an 
appreciable  rate  at  temperatures  between  60  and  115°F  (15.6  and 
i6.1°C);  and  production  is  best  at  70  to  97°F  (21.1  to  36.1°C).  Under 
:he  best  conditions  enterotoxin  may  become  evident  within  4  to  6  hr.  The 
lower  the  temperature  during  growth,  the  longer  it  will  take  to  produce 
mough  enterotoxin  to  cause  poisoning.  Enterotoxin  has  been  demon¬ 
strated  in  a  good  culture  medium  in  3  days  at  1S°C  (64.4°F),  and  in 
12  hr  at  37°C  (98.6°F),  but  not  in  3  days  at  15°C  (59°F),  7  days  at 
9°C  (48.2°F),  or  4  weeks  at  4  to  6.7°C  (39.2  to  44°F).  It  has  been  ob¬ 
served  that  production  of  enterotoxin  by  the  staphylococci  is  more  likelv 
when  competing  microorganisms  are  absent,  few,  or  inhibited  for  some 
reason.  Therefore,  a  food  that  had  been  contaminated  with  the  staphylo¬ 
cocci  after  a  heat  process  would  be  favorable  for  toxin  production.  There 
is  evidence  that  toxin  is  produced  by  staphylococci  growing  in  the  in¬ 
testinal  tracts  of  patients  when  treatment  with  antibiotics  has  destroyed 
or  inactivated  other  eompetitive  bacteria  there. 
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Tlie  type  of  food  evidently  has  an  inHiience  on  the  amount  of  entero- 
toxin  produced:  little  is  produced  in  canned  salmon,  for  example,  and 
much  in  meat  products  and  custard-filled  bakerv  goods.  The  presence 
of  starch  and  protein  in  considerable  amounts  is  supposed  to  encourage 
toxin  production  by  the  staphylococci. 

An  important  characteristic  of  the  enterotoxin  is  its  stability  toward 
heat.  It  has  been  showm  to  withstand  boiling  for  20  to  60  min  or  even 
autoclaving,  although  it  gradually  loses  its  potency  during  such  heating.' 
The  cooking  usually  given  most  foods  will  not  destroy  the  toxin  formed 
therein  prior  to  the  heat  process.  Such  foods  might  cause  poisoning,  al¬ 
though  no  live  staphylococci  could  be  demonstrated. 

Incidence  of  the  Disease.  There  are  no  reliable  figures  on  the  numbers 
of  cases  of  staphylococcus  poisoning  in  the  United  States  or  in  any  of 
the  states  for  any  given  period.  The  poisoning  usually  is  not  reported 
or  publicized  unless  the  outbreak  is  fairly  large,  as  at  a  picnic,  large 
dinner,  or  convention.  It  is  known,  however,  that  a  large  percentage  of 
all  cases  reported  as  “food  poisoning”  or  food  infection  actually  are 
staphylococcus  poisoning,  and  that  most  of  us  encounter  this  illness  a 
number  of  times  during  our  lifetimes. 

Foods  Involved.  Of  the  many  kinds  of  food  that  have  been  involved 
in  causing  staphylococcus  food  poisoning,  custard-  and  cream-filled 
bakery  goods,  ham,  tongue,  and  poultry  have  caused  the  most  outbreaks. 
Other  foods  incriminated  include  other  meats  and  meat  products,  fish 
and  fish  products,  milk  and  milk  products,  cream  sauces,  salads, 
puddings,  custards,  pies,  and  salad  dressings.  The  fillings  in  bakery  goods 


usually  are  good  culture  media  in  which  the  staphylococci  can  grow 
during  the  time  that  these  foods  are  held  at  room  temperatures.  Tongue 
and  mildly  cured,  rapidly  cured,  tenderized,  or  precooked  hams,  although 
perishable,  are  often  held  without  adeepiate  refrigeration,  as  had  he^eni 
done  without  difficulty  with  the  old-style  country-cured  hams.  If  lcfto\er 
turkcv,  or  other  fowl,  along  with  the  gravy  and  drc'ssing,  is  kept  out  of  ai 
crow'de'd  refrigerator,  it  mav  cause  poisoning.  Foods  that  ordinarily  are 
too  acid  for  good  growth  of  the  staphylococci  may  have  this  acidity 
reduced  by  added  ingredients,  such  as  eggs  or  cream,  and  then  become 
dangerous.  EspecialK'  fine  incubators  that  fav'or  growth  and  toxin  pro--' 
duction  by  staphylococci  are  the  steam  tables  in  cafeterias  and  restaurants* 
and  food-vending  machines  that  keep  foods  heated  for  extended  periods. 

The  Disease.  Individuals  differ  in  their  susceptibility  to  staphylococcus, 
poisoning,  so  that  of  a  group  of  people  eating  food  containing  toxin  some 
may  become  v'erv'  ill  and  a  luckv'  few'  may  be  affected  little  or  not  at  all 
Because  most  animals  are  not  susceptible,  it  is  difficult  to  test  for  the»j 
toxin  without  human  volunteers,  although  cats  and  monkeys  have  InH-m' 


used  as  test  animals  w  ith  some  success. 
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The  incubation  period  (time  between  consumption  of  the  food  and 
ipearance  of  the  first  symptoms)  for  this  kind  of  poisoning  usually  is 
brief  2  or  3  hr  (ranging  from  1  to  6  hr),  differing  in  this  respect  from 
e  other  common  food  poisonings  and  infections,  which  usually  have 
nger  incubation  periods. 

The  most  common  human  symptoms  are  salivation,  then  nausea, 
uniting,  retching,  abdominal  cramping  of  varying  severity,  and  diar¬ 
ea.  Blood  and  mucus  may  be  found  in  stools  and  vomitus  in  severe 
ses.  Headache,  muscular  cramping,  sweating,  chills,  prostration,  weak 
ilse,  shock,  and  shallow  respiration  may  occur.  Usually  a  subnormal 
^dy  temperature  is  found  rather  than  fever.  The  duration  is  brief, 
tually  only  a  day  or  two,  and  recovery  ordinarily  is  uneventful  and  com- 
ete.  The  mortality  is  e.xtremely  low.  For  the  most  part  no  treatment 
given,  except  in  extreme  cases,  when  saline  solutions  may  be  given 
rrenterallv  to  restore  the  salt  balance  and  counteract  debvdration. 
Outbreaks  of  food  poisoning  often  are  attributed  to  staphylococci  on 
le  basis  of  the  tvpe  of  food  involved,  the  short  incubation  period  and, 
3rhaps,  the  demonstration  of  the  presence  of  staphylococci  in  the  food, 
n  actual  diagnosis  of  the  poisoning  would  depend,  however,  upon 
olation  of  staphylococci  and  demonstration  that  these  produce  entero- 
xin.  The  latter  procedure  presumablv  would  involve  the  use  of  cats 
:  test  animals,  or,  for  more  certainty,  human  volunteers. 

Conditions  Necessarij  for  an  Onthreak.  The  following  conditions  are 
scessary  for  an  outbreak  of  staphylococcus  food  poisoning:  (1)  the 
•od  must  contain  enterotoxin-producing  staphylococci;  (2)  the  food 
lUst  be  a  good  culture  medium  for  growth  and  toxin  production  bv  tbe 
aphylococci;  (3)  the  temperature  must  be  favorable  to  growth  of  the 
)cci  and  enough  time  must  be  allowed  for  production  of  enterotoxin; 
k1  (4)  the  enterotoxin-bearing  food  must  be  ingested. 

Prevention  of  Outbreaks.  The  means  of  prevention  of  outbreaks  of 
aphylococcus  food  poisoning  include  ( 1 )  prevention  of  contamination 
:  the  food  with  the  staphvlococci;  (2)  prevention  of  the  growth  of  the 
aphylococci;  and  (3)  killing  staphylococci  in  foods.  Contamination  of 
)ods  may  be  reduced  by  general  methods  of  sanitation,  by  use  of  in- 
redients  free  from  the  cocci,  e.g.,  pasteurized  rather  than  raw  milk,  and 
y  keeping  employees  away  from  foods  when  these  workers  have  staphv- 
)COccal  infections  in  the  form  of  colds,  boils,  carbuncles,  etc.  Growtii 
f  the  cocci  can  be  prevented  by  adequate  refrigeration  of  foods,  and, 
1  some  instances,  by  adjustment  to  a  more  acid  pH.  Also  the  addition 
f  a  bacteriostatic  substance,  such  as  serine  or  an  antibiotic,  has  been  sug- 
ested.  Some  foods  may  be  pasteurized  to  kill  the  staphylococci  before 
lese  foods  are  exposed  to  ordinary  temperatures;  the  pasteurization  of 
Listard-filled  puffs  and  eclairs  for  30  min  at  190.6  to  218.3°C  (375  to 
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425°F)  oven  temperature  has  been  so  used.  Tlie  United  States  Puldic 
Health  Service  in  Bull.  2S0  recommends  mi  oven  temperature  of  at  least 
425°F  (218.3°C)  for  at  least  20  min,  followed  by  cooling  to  5()°F  (lO'^C) 
or  less  within  an  hour  after  rebaking;  or  heating  all  parts  of  the  filling  at 
19()°F  (88  C)  or  over  for  at  least  10  min  before  filling  of  the  shells  and 
similar  cooling. 


Poisoning  by  Other  Organisms 

Many  microorganisms  otlier  than  Clostridium  hoftdifium  and  Staplu/lo- 
coccus  pijo^oie.s  have  been  suspected  of  causing  food  poisoning  but  few 
have  actually  been  proved  to  be  in\olved,  and  some  of  the  organisms  so 
accused  may  cause  infections  rather  than  true  poisoning.  EschcricJiia 
coli  has  been  reported  to  cause  poisoning,  as  have  other  bacteria  of  the 
coliform  group.  Species  of  Proteus,  e.g.,  P.  vulgaris  and  P.  mirabilis,  have 
been  found  in  large  numbers  in  foods  that  caused  intestinal  upsets,  hut 
it  has  not  been  definitelv  demonstrated  that  these  actuallv  produce  an 
enteroto.xin  or  cause  food  poisoning.  A  number  of  outbreaks  of  food  ill¬ 
ness  has  been  blamed  on  Clostridium  perfringens  (wclchii),  especially 
in  Great  Britain  and  other  European  countries,  ^^'hcre  home  refrigeration 
ordinarily  is  lacking.  Such  illness  usuallv  results  from  growth  of  the 
anaerobe  in  cooked  meats  which  hav^e  been  held  at  room  temperatures 
overnight  or  longer.  The  svmptoms,  which  appear  some  10  to  18  hr  after 
eating,  are  relatively  mild,  consisting  mainly  of  abdominal  pain  and  diar¬ 
rhea,  usuallv  without  fever  or  vomiting.  Bacillus  cereus,  growing  in 
starchv  foods,  also  has  been  reported  to  cause  food  poisoning.  Molds 
have  often  been  accused  of  causing  food  poisoning  but  never  convicted. 


FOOD  INFECTIONS 


Infections  by  certain  species  of  Salmonella  and  Streptococcus  some¬ 
times  are  called  “food  poisoning  because  the  .symptoms  in  general  re¬ 
semble  those  of  staphvlococcus  poisoning  and  the  outbreaks  commonh 
are  explosive.  Usually  the  infecting  bacterium  has  grown  in  the  food  to» 
attain  high  numbers,  increasing  the  likelihood  of  infection,  and  often  i 
resulting  in  outbreaks  in  families  or  larger  groups.  By  contrast,  others 
intestinal  pathogens,  such  as  organisms  causing  the  dysenteries  and  ty-- 
phoid  and  parat\phoid  fevers,  usually  have  a  longer  incubation  periodi 
before  symptoms  and,  except  under  epidemic  conditions,  occur  in  onlv 

scattered  cases. 


Salmonella  Infections 

The  Salmonella  infections  that  are  called  “food  poisoning  may  ho 
caused  by  any  of  a  large  number  of  species  of  that  genus,  most  of  whic  i 
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?ar  the  name  of  the  location  wlicre  the  first  identified  culture  was  ob- 
ined,  e.g.,  S.  newport,  S.  panama,  S.  oranicnhurg,  S.  samVego,  S.  monte- 
deo,  etc.,  although  a  few  bear  older,  established  names  such  as  S. 
phimiirium  and  S.  enteritidis.  The  differentiation  of  species  is  chiefly 
/  agglutination  tests  for  somatic  (O)  and  flagellar  (H)  antigens.  Most 
irveys  of  human  outbreaks  have  indicated  S.  tijphimwiiim  to  be  the 
)ecies  most  often  encountered. 

The  Organism.  The  salmonellae  are  Gram-negative,  non-spore-forming 
)ds  that  ferment  glucose,  usually  with  gas,  but  not  lactose  oi  sucrose, 
s  has  been  stated,  they  are  tvped  on  the  basis  of  their  antigen  content, 
hey  grow  best  in  nonacid  foods;  thus  salad  with  a  pH  between  5.5  and 
7  has  been  found  unfavorable  for  growth.  They  have  an  optimum  tem- 
erature  of  about  37°C  (98.6°F),"  but  grow  well  at  ordinary  room 
miperatures,  but  not  at  refrigerator  temperatures.  They  are  killed  by 
iasteurization  equivalent  to  that  given  milk. 

I  The  likelihood  of  infection  bv  consumption  of  a  food  containing  sal- 
lonellae  depends  upon  the  resistance  of  the  consumer,  the  infectiveness 
f  the  particular  strain  of  Salmonella,  and  the  number  of  organisms  in- 
ested.  Less  infective  species  like  Salmonella  pulloriim  must  be  present 
1  hundreds  of  millions  or  in  billions  to  bring  about  infection,  but  con- 
iderablv  fewer  organisms  of  more  infective  species,  e.g.,  S.  etiferitidis, 
/ould  be  neccssarv.  Salmonellae  apparentlv  can  attain  considerable 
umbers  in  foods  without  causing  detectable  alterations  in  appearance, 
idor,  or  even  taste.  Of  course,  the  more  of  anv  of  these  pathogens  the 
nod  contains,  the  greater  will  be  the  likelihood  ol  infection  developing 
a  the  person  who  eats  the  food  and  the  shorter  will  be  the  incubation 
ime. 

Sources  of  Salmonella.  Human  beings  and  animals  are  directlv  or  in- 
lirectly  the  source  of  the  contamination  of  foods  with  salmonellae.  The 
rganisms  may  come  from  actual  cases  of  the  disease  or  from  carriers, 
dost  frequently  S.  tijphimurium,  S.  monfevideo,  S.  oranicnhurg,  and  S. 
lewport  cause  human  gastroenteritis,  but  any  of  many  other  t\qnes  may 
>e  responsible.  The  organisms  also  may  come  from  cats,  dogs,  swine, 
nd  cattle,  but  more  important  sources  for  foods  are  poultry  and  their 
'ggs  and  rodents.  Chickens,  turkeys,  ducks,  and  geese  may  be  infected 
vith  any  of  a  large  number  of  types  of  Salmonella,  which  are  then  found 
n  the  fecal  matter,  in  eggs  from  the  hens,  and  in  the  flesh  of  the  dressed 
owl.  Considerable  attention  is  now  being  given  to  shell  eggs  and  to 
iquid,  frozen,  and  dried  eggs  as  sources  of  Salmonella.  Infected  rodents, 
ats,  and  mice,  may  contaminate  unprotected  foods  with  their  feces  and 
hus  spread  Salmonella  bacteria.  Flies  may  play  an  important  role  iiiv 
he  spread  of  Salmonella,  especially  from  contaminated  fecal  matter  to 
oods.  Roaches  apparently  also  can  spread  the  disease. 
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Incidence  of  the  Disease.  There  are  no  reliahle  statistics  on  tlie  inci¬ 
dence  of  salmonellosis  because  the  disease  often  is  not  reported  or  the 
diagnoses  are  incorrect.  The  outbreaks  in  the  United  States,  as  reported 
to  the  Public  Health  Service,  would  average  about  twenty-five  per  vear 
in  recent  years,  but  this  figure  must  be  far  too  low.  Outbreaks  apparently 
are  considerably  more  numerous  in  Great  Britain  or  they  are  identified 
more  often.  Certainly,  Sahnonelki  infections  are  much  less  frequent  than 
staphylococcus  food  poisonings. 

Foods  Involved.  A  large  variety  of  foods  has  been  found  to  be  in\olved 
in  causing  outbreaks  of  Salmonella  infections.  Most  commonlv  incrim¬ 
inated  are  various  kinds  of  meats,  poultrv,  and  fish  and  products  made 
from  them,  especially  if  these  foods  are  held  unrefrigerated  for  long 
periods.  Fresh  meats  may  carry  Salmonella  bacteria  that  caused  disease 
in  the  slaughtered  animals  or  may  be  contaminated  by  handlers.  Meat 
products,  such  as  meat  pies,  hash,  sausages,  cured  meats  (ham,  bacon, 
and  tongue),  sandwiches,  chili,  etc.,  often  are  allowed  to  stand  at  room 
temperatures,  permitting  the  growth  of  salmonellae.  Poultry  and  its 
dressing  and  gravy  should  not  give  trouble  if  properly  handled  and 
cooked,  but  often  are  mishandled,  as  are  fish  and  other  seafood  and 
products  from  them.  Milk  and  milk  products,  including  fresh  milk,  fer¬ 
mented  milks,  ice  cream,  and  cheese,  hav^e  caused  infections.  Since  eggs 
mav  carrv  the  salmonellae,  foods  made  with  eggs  and  not  sulficientK 
cooked  or  pasteurized  may  carry  live  organisms,  e.g.,  pastries  filk'd  witl 
cream  or  custard,  cream  cakes,  baked  Alaska,  and  eggnog. 

The  Disease.  As  with  other  infectious  diseases,  individuals  differ  ii 
their  susceptibilitv  to  Salmonella  infections,  but,  in  general,  morbidity 
is  high  in  any  outbreak.  As  has  been  stated,  the  susceptibility  of  mai 
varies  with  the  species  and  strain  of  the  organism  and  the  total  number: 
of  bacteria  ingested. 

A  longer  incubation  period  usuallv  distinguishes  salmonellosis  froni 
staphylococcus  poisoning:  usuallv  12  to  24  hr  for  the  former  and  aboii 
3  hr  for  the  latter.  Shorter  (as  little  as  3  hr),  or  longer  (up  to  72  hr)  in 
cubation  periods  may  occur  in  some  cases  of  Salmonella  infections. 

The  principal  symptoms  of  a  Salmonella  gastrointestinal  infection  ar^ 
nausea,  vomiting,  abdominal  pain,  and  diarrhea  that  usually  appea  i 
suddenly.  This  may  be  preceded  by  a  headache  and  chills.  Other  evi 
dences  of  the  disease  are  watery,  greenish  foul-smelling  stools,  prosTii 
tion,  muscular  weakness,  faintness,  usually  a  moderate  fe\er,  rcstks'- 
ness,  twitching,  and  drowsiness.  The  mortality  is  low,  being  less  tha 
1  percent.  The  severitv  and  duration  \ary  not  only  with  the  amount  ( 
food  eaten  and  hence' the  numbers  of  Salmonella  bacteria  ingested  1«d 
also  with  the  indi\idual.  Intensity  may  vary  from  slight  discomfort  an^ 
diarrhea  to  death  in  2  to  6  days.  Usually  the  symptoms  persist  for  2  to 
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lys  followed  by  uncomplicated  recovery,  but  they  may  linger  for  weeks 
months.  A  s.mrll  percentage  of  the  patients  become  earners  of  the 

urhborafoircliagnosis  of  the  disease  is  difficult  unless  Salmonella 
,n  be  isolated  from  the  suspected  food  and  from  the  stools  of  indivi 
ds  Often,  however,  the  incriminated  foods  are  no  longer  available,  and 
,e  organisms  disappear  rapidly  from  the  intestinal  tract.  The  deve  op- 
lent  of  specific  antibodies  in  the  blood  usually  is  variable,  and  theiefoie 
ists  for  them  are  not  dependable. 

Conditions  Necessarij  for  an  Outbreak.  The  following  conditions  are 
ecessary  for  an  outhreak  of  a  food-borne  SalnwncUa  gastrointestinal  in- 
■etion:  (1)  the  food  must  contain  or  become  contaminated  with  the 
dmoneUa  bacteria;  (2)  these  bacteria  must  be  there  in  considerable 
imbers,  either  because  of  contamination  or  more  often  because  o 
•owth;  these  high  numbers  mean  that  the  food  must  be  a  gooc 
ilture 'medium,  the  temperature  must  be  favorable,  and  enougli  time 
list  be  allowed  for  appreciable  growth;  and  (3)  the  organisms  must  be 


pgested. 

Prevention  of  Outbreaks.  Three  main  principles  are  involved  in  the 
orevention  of  outbreaks  of  food-borne  Salmonella  infections:  (1)  avoid- 
mce  of  contamination  of  the  food  with  salmonellae  from  souices  such 
IS  diseased  human  beings  and  animals  and  carriers,  and  ingiedients 
carrying  the  organisms,  e.g.,  contaminated  eggs;  (2)  destruction  of  the 
organisms  in  foods  bv  heat  ( or  other  means )  when  possible,  as  by 
cooking  or  pasteurization,  paying  special  attention  to  held-over  foods; 
md  (3)  prevention  of  the  growth  of  Salmonella  in  foods  by  adecpiate 
refrigeration  or  by  other  means.  In  the  prevention  of  contamination,  care 
and  cleanliness  in  food  handling  and  preparation  are  important.  The  food 
handlers  should  be  healthy  (and  not  be  carriers)  and  clean.  Rats  and 
other  vermin  and  insects  should  be  kept  away  from  the  food.  Ingredients 
used  in  foods  should  be  free  of  salmonellae,  if  possible.  Of  course  foods 
should  not  be  allowed  to  stand  at  room  temperature  for  any  length  of 
time,  but  if  this  happens,  thorough  cooking  will  destroy  the  Salmonella 
organisms  (but  not  staphylococcus  enterotoxin ).  Warmed-over  leftovers, 
held  without  refrigeration,  often  support  the  growth  of  Salmonella,  as 
mav  canned  foods  that  have  been  contaminated  and  held  after  the  cans 
were  opened.  Inspection  of  animals  and  meats  at  packing  houses  may 
remove  some  Salmonella  infected  meats,  but  is  not  in  itself  a  successful 
method  for  the  prevention  of  human  salmonellosis. 


Streptococcus  Infections 

These  infections  resemble  those  by  Salmonella  organisms  in  many 
ways.  In  practically  all  cases  studied  Streptococcus  faecalis  has  been 
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l)lamecl,  although  another  enterococcus,  Streptococcus  faecalis  var.  lique- 
facials,  was  held  responsible  tor  one  outbreak. 

The  Organism.  Streptococcus  faecalis  is  an  alpha  hemolytic  (causing 
greening  of  blood )  member  of  the  enterococcus  group  of  the  lactic  strep¬ 
tococci  found  commonly  in  milk  and  in  cheese.  Its  habitat  probably  is 
the  intestinal  tracts  of  animals.  In  common  with  other  members  of  the 
group  it  grows  well  over  a  considerable  range  of  temperatures,  lO'C 
(5{FF)  or  less  to  45°C  (113°F);  tolerates  sodium  chloride  concentra¬ 
tions  of  over  6.5  percent  and  considerable  acidity;  and  is  heat-resistant, 
surviving  the  pasteurization  of  milk.  A]:)parently  only  certain  strains  are 
infectious;  noninfectious  cultures  of  S.  faecalis,  such  as  the  “DK”  culture, 
have  been  used  in  the  manufacture  of  Cheddar  cheese. 

Incidence  of  the  Disease.  Comparatively  few  outbreaks  of  food-borne 
S.  faecalis  infections  have  been  reported,  although  some  workers  believe 
that  this  tv'pe  of  infection  occurs  more  often  than  is  realized. 

Foods  Involved.  Mostly  meat  products  have  been  involved  thus  far  in 
S.  faecalis  infections,  e.g.,  roast  and  barbecued  beef,  beef  crocjuettes, 
Vienna  sausage,  ham  bologna,  and  turkey  dressing.  Other  foods  include 
cheese,  cream  pies,  charlotte  russe,  chocolate  pudding,  and  canned 
evaporated  milk. 

The  Disease.  The  incubation  period  usually  is  longer  than  for  staphylo¬ 
coccus  poisoning,  but  similar  to  that  for  SahnonelUi  infections,  ranging 
from  2  to  18  hr.  It  probably  is  shortest  for  children.  The  usual  symptoms 
of  nausea,  vomiting,  and  diarrhea  develop  more  gradually  than  those  for 
staphvdococcus  poisoning. 

Conditions  Necessan/  for  an  Outbreak.  For  an  outbreak  of  S.  faecalis 
infection  ( 1 )  the  food  must  contain  an  infective  strain  of  the  organism;, 
(2)  the  bacteria  must  be  present  in  considerable  numbers,  usually  a.s 
the  result  of  growth  in  the  food;  and  (3)  the  organisms  must  be  ingestwl 
to  cause  a  gastrointestinal  infection. 

Prevention  of  Outbreaks.  The  principles  involved  in  the  prevention  off 
outbreaks  of  food-borne  Streptococcus  faecalis  infections  are  (1)  avoid¬ 
ance  of  contamination  of  the  food  with  this  organism,  (2)  prevention  ol 
growth  of  the  organisms  in  foods  by  adecpiate  refrigeration,  (3)  thorougl 
cooking  of  the  food  (pasteurization  will  not  suffice).  Keeping  out  S 
faecalis  is  difficult,  for  it  is  found  commonly  in  milk  and  milk  products 
has  been  noted  in  dried  eggs,  and  is  present  in  fecal  mattei.  kortunatelv 
most  strains  apparently  are  not  infective. 


OTHFR  I OOD-BOHNF  INFKCTIONS 


The  food  infections 
able  to  grow  in  foods 


just  discu.ssed  have  been  those  involving  bacterial 
and  hence  to  increase  the  dosage  ol  the  pathogenl 
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leliverecl  to  the  person  eating  the  food.  Pathogenic  organisms  nnable 
n  gro‘ V  in  the  fo‘od,  as  it  ordinarily  is  handled,  may  be  -oaed  by  . 
the  food  in  this  instance  serving  merely  as  an  inactive  earner  of  the  dis¬ 
ease  organisms,  much  as  a  doorknob,  handkerchief,  bus  strap  drmkii  g 
enm  or  other  fomes  would  serve  that  purpose.  Most  of  tlie  diseases  so 
transmitted  are  intestinal  or  respiratory.  Some  of  the  intestma  c 
so  transported  are  typhoid  and  paratyphoid  levers  bacillary  and  amebic 
dvsenteries.  and  cholera.  Disease  organisms  from  t be  throat  and  respira^ 
torv  tract  are  those  causing  tuberculosis,  scarlet  fever,  diplitlieria,  and 
other  diseases.  Also  reportedly  spread  by  foods  are  brucellosis,  tiilaiemia. 
Q  fever,  scarlet  fever,  septic  sore  throat,  and  infectious  hepatitis. 

Foods  may  be  contaminated  with  disease  organisms  from  food  han¬ 
dlers,  food  utensils  (eating,  drinking,  and  kitchen),  air,  soil,  water  (e.g., 
ovsters )  the  animal  from  which  meat  or  milk  came,  and  vermin,  such  as 
flies,  roimhes,  and  rodents.  Especially  likely  to  be  important  are  the 
i)eople  who  handle  foods  after  pasteurization,  cooking,  or  other  process¬ 
ing,  e.g.,  cooks  and  helpers  in  the  kitchen,  waiters  in  the  eating  place, 
preparers  and  salesmen  of  unwrapped  foods  such  as  bulk  candies,  ice 
cream  sandwiches  and  cones,  baked  goods,  hot  dogs  and  hambuigeis, 
and  vendors  of  frozen  desserts  from  counter  freezers  or  other  bulk 


sources. 

Foods  consumed  raw,  of  course,  are  possible  sources  of  pathogens. 
Thus,  fresh  fruits  or  vegetables  may  carry  pathogens  from  a  diseased 
handler  to  a  healthv  consumer,  although  few  instances  of  such  a  tiansfei 
have  been  proven.  Where  night  soil  is  used  as  fertilizei,  theie  is  gicat 
risk  of  the  presence  of  intestinal  pathogens  on  the  surface  of  fresh  salad 
greens.  Depending  upon  the  heat-treatment  administered,  the  cooking  of 
foods  may  or  may  not  destroy  all  pathogens  present.  Usually  all  on  the 
surface  will  be  killed,  but  not  always  those  in  the  interim .  Instances  have 
been  reported  where  even  comparatively  non-heat-resistant  pathogens 
have  survived  cooking  and  caused  an  outbreak  of  disease. 

The  principle  to  be  applied  in  the  prevention  of  food-borne  infections 
is  to  prevent  the  transfer  of  the  pathogen  from  its  source  to  the  food, 
preferably  by  elimination  of  that  souce,  but  this  objective  is  not  alw^ays 
readily  attained.  Contamination  from  vermin  can  be  prevented  by  their 
eradication;  use  of  night  soil  for  fertilizing  soil  for  growing  plant  foods 
to  be  consumed  raw  can  be  prohibited;  fruits  or  vegetables  to  be  eaten 
raw  can  be  washed  thoroughly  with  water  or  with  chlorine  solution; 
shellfish  from  polluted  waters  can  be  rejected;  and  milk  from  diseased 
cows  can  be  refused.  However,  meat  animals  or  food  handlers  that  are 
diseased  or  are  carriers  are  not  always  easy  to  detect.  Methods  for  the 
detection  of  disease  or  disease  organisms  are,  for  the  most  part,  laborious, 
difficult,  and  not  always  reliable;  and  usually  the  tests  are  impractical 
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to  apply  to  meat  animals  at  the  packing  plant  and  cannot  he  applied  to 
food  handlers  as  often  as  wonld  be  desirable.  Of  course  food  handlers 
should  not  be  permitted  to  work  while  they  are  ill,  but  they  may  be  only 
mildly  ill  or  be  carriers  and  therefore  be  allowed  to  work  while  giving 
off  pathogens. 

Many  municipalities  have  ordinances  which  state  that  no  person  who 
is  affected  with  any  disease  in  a  communicable  form  or  is  a  carrier  of 

•I 

such  disease  shall  work  in  any  eating  or  drinking  establishment  or  be 
hired  there,  but  the  difficulty  lies  in  enforcement  of  the  ordinances.  In 
most  plants  handling  or  processing  foods,  however,  any  check  on  the 
health  of  the  workers  is  at  present  primarily  the  responsibility  of  the 
employer. 


THICIIINOSIS 

Trichinosis,  although  caused  by  a  nematode  worm,  T richincUa  spiralis, 
usually  is  discussed  along  with  bacterial  food  poisoning  and  infection 
because  all  have  similar  symptoms  and  all  are  food-borne.  Most  human 
trichinosis  results  from  the  consumption  of  raw  or  incompletely  cooked 
pork  containing  the  encysted  larvae.  The  lar\'ae  are  released  into  the 
intestinal  tract  during  digestion  and  invade  the  mucous  membranes  of 
the  first  parts  of  the  small  intestine,  where  they  develop  into  adults.  The 
fertilized  females  give  birth  to  numerous  larvae,  which  travel  through 
the  blood  vessels  and  Ivmphatics  to  skeletal  muscle  tissue,  where  they 
encyst  (Figure  30-1).  The  worm  goes  through  a  similar  cycle  in  hogs 
and  rats,  and  other  hosts,  such  as  mice,  rabbits,  cats,  dogs,  and  bears. 


Svmptoms 

The  incubation  period,  between  ingestion  of  the  pork  and  the  first 
svmptoms,  varies  widelv,  being  reported  as  short  as  a  day  or  t^^’o  and  as 
long  as  several  weeks.  The  first  svmptoms  that  may  be  confused  \\ith 
food  poisoning  appear  when  the  larvae,  freshly  released  from  their  evsts 
in  the  ingested  and  digested  pork,  invade  the  mucosa.  Symptoms  may 
include  nausea,  vomiting,  diarrhea,  profuse  sweating,  colic,  and  loss  of 
appetite  and  may  continue  for  days.  Later  symptoms,  resulting  from  the 
migration  of  the  newborn  larvae  to  the  muscles  and  their  encystment 
there,  are  mostlv  related  to  muscular  soreness  and  swelling  and  would 
not  be  confused  with  food  poisoning.  Death  may  follow  in  severe  cases. 


Diagnosis 

Diagnosis  often  is  based  primarily  on  .symptoms,  for  other  methods 
of  diagnosis  are  difficult.  1’he  suspect(‘d  food  may  be  examined  for  en- 
cvsted'^larvae,  but  they  usually  are  hard  to  find,  as  are  adult  worms  in 
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stools  of  patients.  Muscle  strips  from  the  patient  inav  he  examined  for 
cysts,  or  intradermal  and  precipitin  tests  may  be  positive  several  weeks 
after  the  first  symptoms  have  appeared. 

Prevention 

The  chief  method  for  the  prevention  of  trichinosis  is  the  treatment  of 
pork  ( or  other  meat )  to  ensure  the  destruction  of  any  trichinae  that  may 
be  present.  This  can  be  accomplished  bv  (1)  the  thorough  cooking  of 
all  pork  so  that  every  part  reaches  at  least  137°F  f.58.3°C),  (2)  quick- 
freezing  or  storage  at  5°F  ( — 1.5°C)  or  lower  for  not  less  than  20  davs, 
(3)  treatment  with  20,000  rep  of  ionizing  ravs  (see  Chapter  11),  or  (4) 
processing  sausage  or  similar  pork  products  according  to  a  recommcnd(‘d 
schedule  of  salting,  drying,  smoking,  and  refrigeration  as  formulat(*d 
originally  by  the  former  Bureau  of  Animal  Industrv  of  the  United  States 
Department  of  Agriculture.  Directions  for  drving  specifv  1  part  of  salt 
per  30  parts  of  meat  and  holding  in  the  dr\’ing  room  for  over  20  davs 
at  45°F  (7.2°C)  or  above.  Smoking  should  be  for  40  hr  or  more  at 
80°F  ( 26.7°C)  or  above,  followed  by  10  davs  or  more  in  the  drving  room 
at  45° F  or  above. 

Inspection  of  animals  and  meats  for  trichina  at  the  packing  plant  is 
laborious  and  not  alwavs  successful,  although  formerlv  practiced.  Some 
attempt  has  been  made  to  reduce  the  incidc'uce  of  trichinosis  in  swine 
bv  control  of  rats,  which  may  carrv  the  worm,  and  by  the  cooking  of 
garbage  fed  to  the  hogs. 

SUMMARY  ON  FOOi:)  POISONING  AND  INFECTIONS 

A  comparison  of  botulism,  staj')hvlococcus  poisoning,  SnhnonclJn  in¬ 
fections,  Streptococcus  faccalis  infection,  and  infestation  with  TrichincUa 
spiralis  is  made  in  Table  30—2.  Figures  for  incubation  times,  duration  of 
illness,  and  mortalitv  in  individual  outbreaks  may  vaiy^  from  those  given. 
Not  all  of  the  svmptoms  listed  mav  be  ev'ident  always,  and,  of  course,  the 
list  of  foods  in\’ol\’ed  is  not  complete. 

The  symptoms  of  botulism  differ  from  those  for  the  other  four  illnesses. 
Botulism  and  staphvlococcus  poisoning  are  caused  by  toxins  producx’d 
in  the  food.  Sahnonclln  bacteria  and  Strcpfococctis  faccalis  cause  gastro¬ 
intestinal  infections.  Trichinosis  results  from  infestation  with  a  nematode 
worm.  Most  useful  in  distinguishing  these  food  illnesses  are  the  tim<‘s  of 
incubation:  usually  only  2  to  3  hr  for  staphylococcus  poisoning  and  over 
12  hr  for  botulism  and  Salmonella  infections.  Duration  usually  is  brief 
and  recoverv  uneventful  for  all  but  botulism  and  trichinosis.  The  food 
involved  also  mav  give  a  hint  of  the  type  of  illness:  botulism  would  be 
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suspected  if  moderately  acid  foods  had  been  canned;  trichinosis  usually 
would  come  from  inade([uately  cooked  or  cured  pork;  hut  many  of  the 
same  foods  could  cause  the  otlier  three  illnesses.  It  should  be  noted  that 
t^rowth  of  the  causative  organism  in  the  food  usually  is  involved  in  all 
the  illnesses  but  trichinosis.  Therefore,  bacterial  food  poisoning  or  in¬ 
fection  can  be  prevented  by  keeping  the  causative  organisms  out  of  the 
food  or  preventing  their  growth  if  they  enter. 
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CHAPTER  31  Iiwesti^dtion  of  Foocl-hoi  ue 

Disease  Outbreaks 


A  manual  entitled  “Proeedure  for  the  Investigation  of  Foodborne  Dis¬ 
ease  Outbreaks”  has  been  written  by  the  Committee  on  Communicable 
Diseases  Affecting  Man  of  the  International  Association  of  Milk 
and  Food  Sanitarians  and  has  been  published  and  recommended  by 
that  Association  (1957).  Much  of  the  discussion  to  follow  is  based  on 
the  contents  of  this  manual,  to  which  the  reader  is  referred  for  a 
more  complete  discussion  of  the  subject,  for  typical  report  forms  to 
be  employed,  and  for  details  that  must  be  omitted  from  a  textbook 
discussion. 

FOOD-BORNE  DISEASES 

Food-borne  diseases  include  those  resulting  from  the  consumption  of  any 
solid  food  or  of  milk,  water,  or  other  beverage.  The  more  important  dis¬ 
eases  and  their  causes  have  been  mentioned  in  the  preceding  chapter: 
staphylococcus  poisoning,  caused  by  Staphijlococcus  aureus;  botulism, 
by  Clostridium  hotulinum;  salmonellosis,  including  tvphoid  and  para¬ 
typhoid  fevers,  by  Salmonella  species;  bacillary  dysenteries,  by  Shigella 
species;  amebic  dysentery,  by  Endamoeha  hisfoli/fiea;  and  infection 
with  alpha-type  streptococci  (Sireptoeoccus  faeealis).  These  micro¬ 
organisms  or  evidences  of  their  presence  and  growth  are  sought  by  the 
investigators  of  outbreaks  of  food-borne  diseases.  Less  commonly,  poi¬ 
soning  by  Clostridium  perfringens.  Bacillus  cereus,  and  other  organ¬ 
isms  may  be  encountered.  Other  food-borne  infections  are  brucel¬ 
losis,  diphtheria,  scarlet  feyer,  septic  sore  throat,  tuberculosis,  and 
tularemia.  Various  nonbacterial  parasitic  infections,  and  poisoning  by 
chemicals,  plants,  and  animals,  and  by  ionizing  radiations  may  be 
encountered. 
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OBJECTIVES  OF  INVESTIGATION 

From  the  public  liealtli  N'iew^ioint  tlie  main  purposes  of  the  investiga¬ 
tion  of  an  outbreak  of  food-borne  disease  are  to  determine  how  the  food¬ 
stuff  became  contaminated,  and,  if  grow  th  of  a  toxigenic  or  infectious 
organism  was  involved,  to  find  how  such  growth  could  take  place,  so  that 
measures  may  be  taken  to  prevent  a  repetition  of  the  same  set  of  condi¬ 
tions,  This  recjuires  the  location  and  identification  of  the  causative  agent, 
the  establishment  of  the  means  of  transmission,  demonstration  of  the 
opportunity  for  growth  of  the  pathogen,  and,  in  instances  of  infections, 
proof  that  the  pathogen  has  infected  the  victims.  Prompt  investigation 
also  may  aid  in  limiting  the  spread  of  the  outbreak  and  sometimes  mav 
be  of  assistance  to  physicians  treating  the  victims.  Publicitv  given  an 
outbreak  and  the  explanation  of  its  cause  mav  be  helpful  in  educating 
and  w'arning  the  public  and  therefore  in  a\'oiding  future  outbreaks. 


PERSONNEL  INVOLVED  IN  INVESTIGATION 

The  organization  of  the  “team”  to  in\’cstigate  an  outbreak  of  food- 
borne  disease  wall  varv  wa'th  the  public  health  department  conceriK'd, 
but  this  team  wall  consist  ordinarily  of  a  person  in  charge,  a  field  group, 
and  a  laborator\'  group.  The  field  group  interview's  persons,  both  ill  and 
healthv,  w'ho  consumed  the  suspected  foods,  physicians  and  nurses  w'ho 
are  treating  the  victims,  and  personnel  at  the  place  of  exposure  to  the 
disease;  collects  samples  of  suspected  foods  and  transmits  them  to  the 
laboratorv;  collects  specimens  from  patients  or  food  handlers  w'hen  such 
sampling  is  indicated;  inspects  the  premises  wdiere  the  foods  w'ere  stored, 
prepared,  and  serv'cd;  ascertains  where  suspected  foods  w'ere  purchased 
and  the  conditions  there,  and  fills  out  appropriate  report  blanks  on  these 
acti\’ities,  to  be  made  available  to  the  person  in  charge  and  to  the  labora¬ 
tory  staff.  The  laboratorv  group  makes  such  microbiological  and  chemical 
tests  as  are  indicated  bv  the  reports  of  the  field  group  and  the  nature  of 
the  suspected  food  and  records  its  findings  on  appropriate  report  blanks. 
The  person  in  charge  or  a  cpialified  epidemiologist  then  can  interpret 
the  data  from  all  sources  to  determine  the  cause  and  the  source  of  the 
disease  outbreak.  The  manual  cited  at  the  beginning  of  this  chapter 
states  that,  at  times,  cooperation  may  be  needed  between  the  epidemi¬ 
ologist,  the  health  officer,  physicians,  nurses,  veterinarians,  sanitarians, 
sanitary  engineers,  laboratorv  technicians,  and  statisticians  in  a 
vestigation. 


an  111- 


MATERIALS  AND  EQl  IPMENT  REQUIRED 

The  eijuipment  and  supplies  needed  to  ecjuip  a  field  kit  to  take  food 
samples  and  transmit  tlumi  to  the  laboratoy,  as  listed  by  Geidt  (see  ref- 


413 


Investigation  of  Food-home  Disease  Outbreaks 

erence  at  end  of  chapter),  include  sterile  containers  and  sampling  de¬ 
vices  for  sampling,  a  thermometer,  an  alcohol  lamp,  sterile  swabs  in 
diluent,  sterile  wrapping  paper,  tape  for  sealing  samples,  steri  e  paper 
towels,  an  insulated  chest  for  conveying  samples,  forms  for  re^coicmg 
data,  etc.  The  laboratory  should  be  prepared,  of  course,  to  conduct  the 
necessary  microbiological  and  chemical  tests  and  record  results.  Prepared 
materials  would  include  sterile  glassware,  water  blanks,  appropriate  cul¬ 
ture  media,  test  solutions,  serological  materials  and  equipment,  hypo¬ 
dermic  syringes  and  needles,  etc.,  as  well  as  experimental  animals.  If 
possible,  the  laboratory  staff  should  be  warned  far  enough  ahead  to  be 
ready  for  the  samples  and  specimens  on  their  arrival. 


THE  FIELD  INVESTIGATION 

Prompt  reporting  of  an  outbreak  to  the  health  department  is  most 
important  if  the  investigation  is  to  be  successful,  yet  the  infoimation 
often  is  delayed.  Reports  usually  come  from  physicians,  hospitals,  news 
agencies,  or  even  rumors.  Promptness  in  starting  the  investigation  also  is 
important  because  samples  or  specimens  may  be  available  for  only  a 
short  time,  information  obtained  promptly  is  usually  more  reliable  than 
delayed  reports,  and  additional  cases  in  the  outbreak  may  be  prevented. 

Gathering  of  Information 

A  complete  inspection  is  made  immediately  of  the  place  or  places 
where  the  suspected  meal,  meals,  or  beverages  were  prepared  and  con¬ 
sumed,  and  the  results  are  recorded  on  appropriate  forms.  Information 
sought  includes:  the  menu  for  the  meal  or  meals,  the  source  and  method 
of  preparation  of  each  item  of  food  on  the  menu,  methods  of  storage  of 
perishable  foods,  sources  of  purchase  of  foods  served,  and  health  of 
employees  serving  or  preparing  foods  and  their  health  history.  Observa¬ 
tions  are  made  on  infections  on  exposed  surfaces  of  the  bodies  of  em¬ 
ployees  and  on  the  sanitary  condition  of  the  establishment. 

Theoretically,  all  persons  present  at  the  time  the  (juestionable  meal 
was  eaten,  including  those  who  prepared,  served,  or  ate  the  meal,  and 
physicians  treating  victims  should  be  interviewed.  Actually,  it  usually  is 
not  practicable  to  interview  all  victims  of  a  large  outbreak.  Geidt  has 
suggested  that  in  outbreaks  where  no  more  than  twenty  persons  are  in¬ 
volved,  an  attempt  should  be  made  to  cpiestion  all  of  them;  if  about  fifty 
persons  were  involved,  about  half  of  them  should  be  (juestioned,  includ¬ 
ing  proportionate  numbers  of  those  who  became  ill  and  those  who  Mid 
not;  and  about  25  percent  of  a  total  of  one-hundred  or  more  persons 
should  be  interviewed.  The  information  obtained  may  be  recorded  on  a 
form  such  as  that  entitled  Case  History  Questionnaire”  in  the  previously 
mentioned  manual,  where  there  is  a  place  to  record  age  and  sex,  whether 
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tlie  individual  partook  of'  tlie  suspected  lueal,  if  so  the  exact  time, 
whether  he  became  ill  and  if  so  the  incubation  time  and  symptoms,  and 
which  of  the  list  of  the  foods  and  beverages  served  were  consumed.  The 
case  histories  are  then  summarized  on  a  second  form,  and  by  means  of 
this  data  the  suspected  food  is  located. 

Collection  of  Food  Samples 

Samples  of  all  leftover  foods  and  bewerages  served  at  the  suspected 
meal  or  meals  should  be  taken  asepticallv,  and  samples  of  perishable 
foods  should  be  refrigerated  immediately  and  kept  cold  all  the  way  to 
the  laboratorv.  Samples  of  food  should  be  taken  aseptically  by  means  of 
sterilized  sampling  devices  into  sterile  containers.  Entire  packages  of 
foods  in  small,  unopened  containers  may  be  taken  when  available.  It  is 
essential  to  label  each  sample  to  give  information  as  to  the  type  of  food, 
the  place  and  time  of  sampling,  the  reason  for  its  collection,  the  organism 
or  chemical  suspected,  and  any  other  pertinent  information.  Each  sample 
must  be  sealed,  both  inner  and  outer  container,  with  the  date  and  time 
of  sealing  and  the  name  of  the  person  who  collected  and  sealed  the 
sample  written  on  the  tape.  .\11  the  information  available  at  the  time  of 
sampling  (see  preceding  section)  should  accompany  the  samples,  and 
the  reasons  for  suspecting  one  or  more  of  the  foods  should  be  given. 

Unfortunately,  the  food  samples  sought  often  are  no  longer  available, 
such  as  food  scraps  from  plates  upon  which  the  food  was  ser\ed  or 
samples  from  serving  containers.  Then  the  collector  of  samples  must 
settle  for  what  he  can  get  rinsings,  garbage,  or  food  handled  in  the 
same  manner  as  the  suspected  food.  If  a  canned  food  is  involved,  pait 
of  the  used  can  of  food  is  first  choice,  but  only  a  sample  from  the  same 
lot  may  be  available.  Brand  and  lot  number  should  be  obtained  from  the 
can  of  the  commercially  canned  food,  and  the  method  of  canning  and 
heating  of  the  home-canned  food  should  be  ascertained.  Food  samples 
should  be  taken,  labeled,  and  sealed  in  the  presence  of  witnesses  if  legal 
action  is  likelv  to  be  involved. 

C’ollection  of  Specimens  from  Human  Sources 

Specimens  mav  be  obtained  from  patients  with  food  illnesses  or  from 
food  handlers,  sometimes  for  the  purpose  of  finding  the  causative  organ¬ 
ism  of  the  outbreak,  but  more  often  to  ascertain  the  ultimate  source  of 
tlie  pathogen  that  entere.l  the  food.  The  type  of  specimen  to  he  taken 
will  depend,  of  course,  on  the  illness  concerned.  Cnitnres  from  the  nose 
or  throat  or  from  skin  lesions  of  food  handlers  are  made  to  test  for  staph¬ 
ylococci  able  to  produce  enterotoxin.  Fecal  samples  are  used  to  test  for 
organisms,  e.g.,  Hdlnwnclln  or  SJiidcUa  species,  capable  of  causing  enteric 
infections;  the  tests  might  be  to  find  carriers  among  food  handlers  or  to 
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identify  the  cause  of  illness  in  patients.  Blood  specimens  from  patients 
may  be  used  for  serological  tests  for  the  identification  and  typing  of 
certain  pathogens,  e.g.,  Salmonella  spp.  Vomitus  may  be  tested  when 
chemical  poisoning  is  suspected. 


LABORATORY  TESTING 

The  procedure  to  be  followed  in  testing  the  samples  of  food  or  speci¬ 
mens  from  human  sources  upon  receipt  in  the  laboratory  will  depend 
upon  the  type  of  food  and  the  information  available  about  the  outbreak 
of  food  illness.  The  more  complete  that  information  is,  the  better  the 
laboratory  men  can  select  the  type  of  examination  to  be  used.  Especially 
helpful  will  be  reliable  information  on  the  symptoms  of  those  made  ill 
and  the  incubation  period  (see  Chapter  30). 

The  first  act  in  most  laboratories  is  to  make  a  microscopic  examination 
of  a  preparation  of  the  food  stained  bv  the  Gram  method.  The  smear  is 
made  from  liquid  or  from  the  sediment  from  homogenized,  centrifuged 
food.  The  microscopic  examination  may  give  a  clue  to  the  causative 
organism  and  may  indicate  the  numbers  in  the  original  food,  if  the 
sample  has  been  properly  refrigerated.  The  methods  of  testing  for  the 
various  causes  of  important  food-borne  illnesses  will  be  discussed  only 
brieflv. 

Tests  for  Botulism 

An  example  of  one  method  of  testing  is  as  follows:  If  enough  of  the 
suspected  food  is  available,  white  mice  or  guinea  pigs  are  inoculated 
with  it,  two  being  left  unprotected,  two  protected  with  tvpe  A  botidinum 
antitoxin,  and  two  with  type  B  antitoxin.  If  the  animals  receiving  both 
types  of  antitoxin  die,  protection  is  attempted  with  tvpe  E  antitoxin.  Tvpe 
A  toxin  will  kill  animals  not  protected  with  tvpe  A  antitoxin;  type  B  toxin 
will  kill  animals  not  protected  with  type  B  antitoxin,  etc.  If  the  food  is 
heavily  contaminated  and  not  filtered  before  injection,  the  numerous  con¬ 
taminating  bacteria  may  cause  death.  If  insufficient  food  is  available  for 
injection  of  animals  or  if  results  of  injections  are  unreliable,  it  may  be 
necessary  to  attempt  to  isolate  Cdostridium  hotidimiin  from  the  food  and 
type  it  on  the  basis  of  the  type  of  toxin  produced. 

Tests  for  Staphylococcus  Poisoning 

At  present  there  is  no  satisfactory  direct  test  for  staphylococcus  toxin 
in  the  food.  Most  laboratories  first  trv  to  isolate  staphylococci  from  the 
food  by  means  of  blood  agar  plates,  tellurite  glycine  agar,  or  other  se¬ 
lective  medium  and  then  to  demonstrate  that  the  organism  is  coagvdase- 
positive  on  blood  plasma.  Cultures  may  be  tested  by  injection  of  culture 
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filtrates  into  cats  or  l)y  feeding  of  human  volunteers.  Some  progress  has 
been  made  on  the  use  of  bacteriophage  typing  to  select  toxigenic  strains 
and  the  use  of  smooth  muscle  to  test  for  enterotoxin. 

The  interpretation  of  the  results  must  be  done  with  caution,  for  not 
all  staphylococci,  nor  even  all  coagulase-positive  staphvlococci,  j^roduce 
entertoxin,  and  individual  animals  and  human  volunteers  differ  in  their 
susceptibility  to  the  enterotoxin.  Usuallv,  considerable  emphasis  is  placed 
on  the  tvpe  of  food  concerned,  how  it  was  handled,  the  chance  for  con¬ 
tamination  with  staphvlococci  from  food  handlers,  the  sMiiptoms,  and 
the  usually  comparatively  short  incubation  period  of  2  or  3  hr. 

Cultures  from  nose,  throat,  or  skin  lesions  of  food  handlers  are  tested 
in  a  similar  manner  to  those  from  foods. 

Tests  for  Streptococcus  faccalis 

The  number  of  enterococci  in  the  properlv^  collected  and  refrigerated 
sample  of  food  is  considered  significant;  if  there  are  not  750,000  or  more 
colonies  per  gram  of  food,  as  estimated  by  plating  on  selective  agar  (e.g., 
sodium  azide  agar),  the  presence  of  the  enterococci  is  not  considered 
significant.  Isolates  are  examined  microscopically  and  tested  for  their 
ability  to  survive  60°C  for  30  min  and  to  grow  in  broth  containing  6.o 
percent  salt  or  at  pH  9.6. 

Tests  for  SahnoncUa  and  Shigella 

Food  samples  or  fecal  samples  from  patients  or  from  suspected  carriers 
are  tested.  Samples  may  be  plated  directly  in  a  selecti\’e  agar  medium, 
SS  agar  or  MacConkcv  agar,  for  example,  or  first  may  be  put  through  an 
enrichment  process  in  a  selective  broth,  such  as  selenite  or  tetmthionate 
broth,  and  then  plated.  Characteristic  colonies  are  picked  and  the  cul¬ 
tures  are  differentiated  into  SahnoncUa,  Shigella,  or  neither.  Cram-nega¬ 
tive  cultures  are  differentiated  on  the  basis  of  physiological  (biochemi¬ 
cal)  tests,  such  as  reactions  on  triple  sugar  iron  agar  slants,  and  of  ag¬ 
glutination  tests.  Other  characteristics  may  be  studied  following  results 
with  agglutination  tests.  Final  typing  of  species  usually  is  not  attempt('d 
by  the  local  or  state  public  health  laboratory,  but  may  be  done  at  a 
Salmonella-Shigella  center. 

When  food  handlers  are  tested  to  find  carriers,  at  least  three  successive 
stools  are  examined,  .\gglutination  tests  on  the  blood  serum  of  patients 
are  useful  in  discovering  whether  the  pathogen  causing  the  food  illness 
is  identical  with  the  one  found  at  the  ultimate  source. 

Tests  for  Other  Food-borne  Diseases 

Tlie  metliods  of  testing  for  file  presonco  of  otlier  patliogens  ntiieli  are 
less  eommonlv  enoonnte^ed  in  foods  nr  for  tlieir  eileets,  or  for  poisoning 
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by  chemicals,  plants,  or  animals  can  be  found  in  other  text  and  reference 
books. 

INTERPRETATION  AND  APPLICATION  OF  RESULTS 

The  results  of  the  field  and  laboratory  investigations,  if  complete,  can 
lead  to  incrimination  of  the  guilty  food  and  location  and  elimination  of 
the  ultimate  source  of  the  cause  of  the  food-borne  disease  outbreak.  For 
reasons  previously  indicated,  data  often  are  incomplete  and  ciicum- 
stantial  evidence  may  have  to  be  substituted  for  actual  proof. 

WHien  an  outbreak  is  small,  as  within  a  family,  the  location  of  the  food 
responsible  for  the  illness  may  be  fairly  simple.  Table  31—1  summarizes 
a  simplified  report  on  such  an  outbreak.  Chocolate  eclairs  obviously  aie 
the  food  to  be  suspected,  and  because  of  the  nature  of  the  food  and  the 
short  incubation  time  (214  to  4  hr),  staphylococcus  poisoning  is  prob¬ 
able.  The  source  of  the  staphylococci  would  be  sought  among  the  food 
handlers  at  the  bakerv  from  which  the  eclairs  came. 

^^Ten  the  number  of  persons  inv'olved  in  an  outbreak  is  fairly  large,  it 
is  difficult  to  obtain  complete  and  accurate  data.  Not  all  the  persons  may 
be  available  for  interviewing,  not  all  persons  are  equally  susceptible  to 
food  illnesses,  and  people  are  forgetful  about  just  what  they  ate.  An  aid 
to  finding  the  offending  food  is  a  comparison  of  the  percentage  of  per¬ 
sons  who  ate  each  food  without  becoming  ill  with  the  percentage  of  those 
who  became  ill.  A  complete  tabulation  would  include  data  on  the  group 
of  persons  who  ate  each  of  the  foods  served,  and  on  the  group  of  persons 
who  did  not  eat  each  of  the  foods,  and  for  each  food  the  percentage  of 
persons  consuming  this  food  who  became  ill.  The  highest  percentage  of 
ill  persons  should  be  in  the  group  which  ate  the  offending  food,  a  mark¬ 
edly  higher  percentage  of  ill  persons  than  for  anv  of  the  other  foods  con¬ 
sumed.  The  lowest  percentage  of  ill  persons  should  be  in  the  group  that 
did  not  eat  the  offendinc;  food.  Statistical  analvses  are  useful  in  de- 
termining  the  food  responsible  for  a  large  outbreak.  Final  conclusions  in 
regard  to  the  food  involv^ed  are  drawn  only  after  the  laboratorv  results 
also  are  considered. 

As  has  been  indicated,  one  of  the  main  purposes  of  the  investigation  is 
to  locate  the  source  of  the  agent  causing  the  food  illness  so  that  this 
source  can  be  eliminated  and  future  outbreaks  prevented.  The  location  of 
the  source  also  usually  requires  an  analysis  of  both  field  and  laboratorv 
data. 

The  completely  successful  investigation  of  an  outbreak  of  food-borne 
disease,  then,  finds  the  food  responsible  for  the  transmission  of  the  dis¬ 
ease,  identifies  the  causative  agent,  finds  the  source  of  contamination  of 
the  food  with  the  agent,  and  eliminates  that  source. 
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PREVENTIVE  MEASURES 

Means  of  prevention  of  food-borne  outbreaks  of  some  of  the  more  im¬ 
portant  intoxications  and  infections  have  been  discussed  m  Chapter  31). 
The  general  principles  are: 

1.  To  keep  foods  as  free  as  possible  from  contamination  with  patho¬ 
genic  agents  by  selection  of  imcontaminated  foods,  by  adecpiate  pas¬ 
teurization  or  other  heat  processing,  by  keeping  away  pathogen-bearing 
vermin,  by  avoiding  contamination  from  infected  food  handleis  or  carriers, 
and  by  generally  good  sanitary  practice  throughout  the  handling,  prep¬ 
aration,  and  serving  of  foods. 

2.  To  eliminate  opportunities  for  the  growth  of  pathogens,  toxigenic  or 
infectious,  in  foods  by  adjustment  of  the  composition,  by  prompt  con¬ 
sumption  after  preparation,  and  by  adequate  refrigeration  of  perishable 
foods  if  they  must  be  held  for  any  considerable  time.  Keeping  foods 
warm  for  long  periods  is  especially  to  be  avoided. 

3.  To  reject  suspected  foods. 

4.  To  educate  the  public  better  concerning  the  causes  and  prevention 
of  food-borne  illnesses  and  the  dangers  involved. 
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PART  SIX 


Food  Sanitation^  Control,  and  Inspection 


Food  sanitation,  control,  and  inspection  have  been  considered  primarily 
from  the  microbiological  standpoint.  The  laboratory  manual  style  has 
been  avoided  in  the  discussion  of  microbiological  laboratory  methods;  in¬ 
stead,  basic  principles  have  been  treated.  Since  the  Federal  Food,  Drug, 
and  Cosmetic  Act  is  the  model  for  much  of  the  legislation,  its  bacterio¬ 
logical  aspects  have  been  discussed  in  some  detail. 


CHAPTER  32  Microbiology  in  Food  Plant  Sanitation 


Tlie  foocl-industrv  sanitarian  is  concerned  witli  aseptie  practices  in  the 
preparation,  processing,  and  packaging  of  tlie  food  products  of  a  plant 
(or  plants),  the  general  cleanliness  and  sanitation  of  plant  and  premises, 
and  the  health  of  employees.  His  duties  in  connection  with  the  food 
products  may  involv’e  quality  control  and  storage  of  raw  products,  the 
provision  of  a  good  water  supply,  prevention  of  the  eontamination  of  the 
foods  at  all  stages  during  processing  from  equipment,  personnel,  and 
vermin,  and  supervision  of  packaging  and  warehousing  of  finished  prod¬ 
ucts.  The  supervision  of  cleanliness  and  sanitation  of  plant  and  piemises 
includes  not  only  the  maintenance  of  clean  and  well-sanitized  surfaces 
of  all  equipment  touehing  the  foods  but  also  generally  good  housekeep¬ 
ing  in  and  about  the  plant  and  adequate  treatment  and  disposal  of 
wastes.  Duties  affeeting  the  health  of  the  employees  inelude  provision 
of  a  potable  water  supply,  supervision  of  matters  of  personal  hygiene, 
regulation  of  sanitarv  facilities  in  the  plant  and  in  plant-operated  hous¬ 
ing  units,  and  contact  with  sanitary  aspects  of  plant  lighting,  heating, 
and  ventilation.  He  also  usually  participates  in  the  training  of  employees 
in  sanitarv  practices.  Only  bacteriological  aspects  of  plant  sanitation  will 
he  discussed  here.  For  other  facets  of  the  problem  the  reader  is  referred 
to  the  references  at  the  end  of  the  chapter. 

For  the  most  part  the  sanitarian  concerns  himself  chiefly  with  general 
aspects  of  sanitation,  making  inspections,  consulting  with  personnel  re¬ 
sponsible  for  details  of  sanitation  and  executives  directing  such  work, 
and  training  personnel  in  sanitation.  He  may  or  may  not  be  connected 
with  a  plant  laboratory. 


BACTERIOLOGY  OF  WATER  SUPPLIES 

The  water  for  drinking  purposes  and  for  plant  use  may  be  from  the 
same  source  or  from  different  sources. 
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Drinking  Water 

The  water  that  the  employees  drink  must  meet  public  health  stand¬ 
ards  when  tested  by  methods  recommended  in  the  latest  edition  of 
“Standard  Methods  for  the  Examination  of  Water  and  Sewage”  (see 
Chapter  4).  Coliform  bacteria  must  not  be  present  at  levels  indicating 
contamination  of  the  water  by  sewage.  Total  plate  counts  of  the  water 
sometimes  are  made  to  indicate  when  trouble  may  be  incipient  so  that 
sucli  trouble  can  be  forestalled. 


Plant  Water 


All  water  that  comes  into  contact  with  foods  should  meet  the  bac¬ 
teriological  standards  for  drinking  water,  and  preferably  all  fresh  water 
at  the  plant  should  be  that  good.  But  this  water  also  should  be  satis¬ 
factory  from  a  bacteriological  standpoint  for  use  with  the  particular 
food  being  processed.  A  water  supply  may  be  adjudged  potable,  yet  be 
unsatisfactory  for  use  with  a  food.  Thus,  for  example,  water  containing 
appreciable  numbers  of  psvehrophiles  of  the  genera  Pseudomonas, 
Achrornohacter,  or  Alcaligenes  might  be  unsatisfactory  without  treat¬ 
ment  in  a  dairy  plant  making  butter  or  cottage  cheese.  The  slimy  gro\vi:h 
of  iron  bacteria  in  water  supplies  often  leads  to  trouble  in  the  food  plant. 

More  likely  to  be  important  is  the  chemical  composition  of  the  water, 
which  must  be  suited  to  the  use  to  be  made  of  it.  Thus  hard  water  is  un¬ 
desirable  in  pea  canning  and  in  brewing;  iron  and  manganese  are  bad 
in  beet  canning  and  in  brewing;  excessiv^e  organic  matter  may  lead  to 


off-flav'ors,  etc. 

Of  special  interest  in  canning  factories  is  the  bacteriology  of  the  water 
in  which  the  cans  of  processed  foods  are  cooled  after  tlieir  heat-treat¬ 
ment.  If  this  water  contains  microorganisms  able  to  spoil  the  food,  it  will, 
after  entering  defective  cans  through  minute  leaks,  increase  the  per¬ 
centage  of  cans  of  food  spoiling  during  storage.  Many  canneries  routinely 
chlorinate  the  cooling  water  to  reduce  or  eliminate  this  trouble. 

Bacteria  sometimes  build  up  in  reused  water  in  a  plant.  Obviously 
such  water  should  not  be  used  on  foods  or  on  surfaces  that  contact  foods. 


Ice  used  in  contact  with  foods  should  meet  the  bacteriological  rt^quire- 
ments  for  potable  water.  Becently,  much  work  has  been  done  on  the  in¬ 
corporation  of  bacteriostatic  or  bactericidal  chemicals  in  water  and  in  ice 
to  aid  in  food  prcser^’ation.  It  was  noted  in  Chapters  10  and  15  that  a 
chlortetracycline  or  oxvtetracycline  dip  for  dressed  poultry  has  been  ap¬ 
proved.  These,  other  antibiotics,  and  chemicals  have  been  recommended 
for  incorporation  in  ice  to  be  applied  to  fish  and  have  been  suggested  for 

other  foods. 


Microhiohv^ij  in  Food  Plant  Sanitation 
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SEWAGE  AND  WASTE  TREATMENT  AND  DISPOSAL 

The  food  sanitarian  is  concerned  directly  or  indirectly  widi  the  ade¬ 
quate  treatment  and  disposal  of  wastes  from  his  industry.  Solid  and  con¬ 
centrated  wastes  ordinarily  are  kept  separate  from  the  watery  wastes, 
and  may  be  used  directly  for  food,  feed,  fertilizer,  or  other  purpose,  may 
first  be  concentrated,  dried,  or  fermented  (e.g.,  pea-yine  silage),  or  may 
be  carted  away  to  ayailable  land  as  unusable  waste.  Care  is  taken  to 
out  of  the  waste  waters  as  much  wasted  liquid  or  solid  food  mateiial  as 
possible,  by  taking  precautions  to  ayoid  introduction  into  the  watery 
wastes  of  drip,  leakage,  oyerflow,  spillage,  large  residues  in  containers, 
foam,  frozen-on  food,  and  food  dust  during  the  handling  and  piocessing 
of  the  food.  It  is  recommended  that  sewage  of  human  origin  be  kept 
separate  from  other  plant  waters  because  of  the  possible  presence  of 
human  intestinal  pathogens  and  the  necessih^  for  a  guarantee  of  their 
remoyal  or  destruction.  Such  sewage  may  be  turned  into  a  municipal 
system,  if  one  is  ayailable,  for  adequate  treatment  and  disposal  oi  may 
be  treated  separately  at  the  food  plant.  Other  food-plant  wastes  should 
not  contain  human  pathogens. 

Wastes  from  food  plants  ordinarily  contain  a  yariety  of  organic  com¬ 
pounds,  which  range  from  simple  and  readily  oxidizable  kinds  to  those 
that  are  complex  and  difficult  to  decompose.  The  strength  of  the  sewage 
containing  organic  matter  is  expressed  in  terms  of  biochemical  oxygen 
demand  (BOD),  a  figure  that  is  an  estimate  of  the  quantity  of  oxygen 
required  to  completely  oxidize  the  organic  compounds  present. 

Wheneyer  appreciable  amounts  of  wastes  high  in  oxidizable  organic  mat¬ 
ter  (high  BOD)  are  emptied  into  natural  waters,  such  as  streams,  ponds, 
or  lakes,  the  7  to  8  ppm  of  free  oxygen  normally  present  in  the  waters 
is  used  up  soon  by  oxidation  processes  carried  out  by  aerobic  or  facul- 
tatiye  microorganisms.  When  the  oxygen  drops  below  3  ppm,  the  fish 
either  leaye  or  die,  and  when  anaerobic  conditions  haye  been  attained, 
hydrolysis,  putrefaction,  and  fermentation  by  microorganisms  will  follow, 
with  the  result  that  the  body  of  water  will  become  malodorous  and 
cloudy  and  hence  unsuited  for  recreational  use  and  unfit  for  drinking 
and  for  use  in  the  food  plant,  \\7istes  from  a  food  plant,  then,  to  be 
emptied  into  a  body  of  water,  must  either  be  so  greatly  diluted  by  that 
water  as  to  be  innocuous  or  must  be  treated  first  to  reduce  the  oxidizable 
compounds  to  a  harmless  leyel.  Eyen  the  effluent  (what  flows  out)  from 
an  efficiently  operated  sewage  treatment  system  will  encourage  the 
growth  of  algae  and  higher  aquatic  plants  in  the  water  and  make  it  less 
attractiye  for  recreational  purposes. 


keep 
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Soinetiiiies  preliminary  treatments  of  food-plant  wastes  by  chemical 
means  are  employed,  but  most  systems  of  treatment  and  disposal  depend 
upon  (1)  screening  out  of  large  particles;  (2)  floating  off  of  fath'  and 
other  floating  materials;  (3)  sedimentation  of  as  much  of  the  remaining 
solids  as  is  practicable;  (4)  hydrolysis,  fermentation,  and  putrefaction 
of  complex  organic  compounds;  and  finally  (5)  oxidation  of  the  remain¬ 
ing  solids  in  the  water  to  a  point  where  they  can  enter  a  municipal 
sewage  treatment  and  disposal  system,  a  plant  disposal  system,  a  lake 
or  stream,  or  soil.  The  completeness  of  oxidation  required  will  depend 
upon  the  disposal  to  be  made.  Thus  less  oxidation  might  be  required 
for  feeding  to  a  municipal  system  or  for  irrigating  soil  than  for  entering 
a  stream  or  lake. 


Chemical  Treatment 

In  chemical  pretreatments,  a  chemical  or  mixture  of  chemicals  is 
added  to  the  sewage  or  waste  so  as  to  cause  formation  of  a  flocculent 
precipitate,  which,  in  settling,  carries  with  it  much  of  the  suspended 
and  colloidal  material,  including  bacteria.  The  eflluent  then  is  run  into 
a  body  of  water,  onto  soil,  or  into  a  biological  treatment  system.  The 
chemicals  commonly  used  are  soluble  aluminum  or  iron  salts,  such  as 
alum  or  ferrous  sulfate,  plus  lime,  giying  a  flocculent  precipitate  of 
aluminum  or  ferric  hydroxide.  Disposal  of  the  sludge  (settlings)  so 
obtained  may  be  difficult. 


Biological  Treatment  and  Disposal 

The  general  biological  methods  for  vyaste  disposal  and  '^or  treatm(‘nt 
include  (1)  dilution,  by  running  waste  waters  into  a  large  body  of 
water;  (2)  irrigation,  in  which  waste  waters  are  sprayed  onto  fields  of 
open-textured  soil;  (3)  lagooning,  by  running  the  waste  waters  into 
shallow  artificial  ponds  (with  or  without  other  treatments);  (4)  use  of 
trickling  filters,  made  of  crushed  rock,  coke,  filter  tile,  etc.;  (5)  use  of 
the  actiyated  sludge  method,  in  which  waste  water  is  inoculated  heayily 
with  sludge  from  a  preyious  run  and  is  activ^ely  aerated  in  tanks;  and 
(6)  use  of  anaerobic  tanks  of  yarious  kinds,  where  settling,  hydrolysis, 
putrefaction,  and  fermentation  take  place,  usually  to  be  followed  by 
some  aerobic  treatment. 

Tbe  dilution  method  seldom  is  practicable  because  a  sufficiently  large 
or  rapidly  moving  v'olume  of  vv’ater  rarely  is  available  or  because  the 
location  is  such  that  sewage  decomposition  cannot  procetxl  without  ob¬ 
jections  from  nearby  populations.  Irrigation  is  increasing  in  popularity 
and  is  especially  adaptable  to  use  by  plants  located  in  rural  areas  and 
near  open-textured  soil.  Lagooning  has  been  used  especially  for  seasonal 
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wastes,  as  from  canning  factories.  Tlie  wastes  are  decomposed  slowly  in 
these  shallow  ponds  or  lagoons  until  the  liquid  part  can  be  nm  into  a 
stream  or  other  body  of  water  during  the  rainy  season  or  time  of  melting 
snow,  when  there  is  a  good  volume  of  water.  Usually,  sodium  nitrate  is 
added  to  reduce  obnoxious  odors.  Sometimes  the  liquid  is  pumped  fiom 
and  returned  to  a  lagoon,  or  it  may  be  pumped  from  one  lagoon  to  an¬ 
other  in  a  series  of  lagoons.  Trickling  filters  and  activated  sludge  systems 
are  probably  the  most  effective  of  the  systems  listed,  but  they  are  ex¬ 
pensive  to  run  and  require  supervision  by  an  expert.  Anaerobic  tanks 
vield  an  effluent  that  needs  further  treatment  and  should  be  either 
turned  into  a  municipal  system  or  given  an  aerobic  treatment. 

Types  of  Food  Wastes 

An  extended  discussion  of  the  nature  and  composition  of  wastes  from 
the  different  food  industries  cannot  be  given  here.  It  should  be  noted, 
however,  that  each  type  of  waste  has  a  characteristic  BOD  that  may  be 
high,  low,  or  intermediate  and  each  presents  its  o^^^l  problems  of  treat¬ 
ment  and  disposal.  Dairy  wastes,  for  example,  are  usually  high  in  pro¬ 
tein  and  lactose  and  contain  many  microorganisms.  Such  wastes,  if  not 
already  acid,  will  turn  acid  if  kept  under  anaerobic  conditions  and  then 
will  be  more  difficult  to  treat.  Some  wastes  may  be  acid  originally — 
wastes  from  fruit  canneries,  for  instance.  Malthouse,  brewcrv,  distillery, 
sweet-corn  cannery,  and  corn-products  plant  wastes  are  high  in  carbo¬ 
hydrates  and  likely  to  become  acid  under  anaerobic  conditions.  Wastes 
high  in  proteins,  e.g.,  pea-  or  fish-cannery  or  packing-plant  wastes,  are 
likely  to  putrefy  under  anaerobic  conditions.  Other  wastes  may  contain 
antiseptic  chemicals,  such  as  the  sulfite  in  waste  snlfite  liquors  from 
paper  mills,  and  therefore  may  be  difficult  to  decompose  by  means  of 
microorganisms. 


MICROBIOLOGY  OF  THE  FOOD  PRODUCT 

To  reduce  contamination  with  microorganisms  to  a  minimum  and 
obtain  good  keeping  quality  of  the  product,  the  raw  materials  are  ex¬ 
amined,  the  equipment  contacting  the  food  is  adequately  cleansed,  sani¬ 
tized  and  tested,  the  preserying  process  is  checked,  and  packaging  and 
storage  are  supervised. 

The  Ingredients 

The  raw  product  is  inspected  and  tested  for  qualitv,  but  this  does  not 
necessarily  involve  bacteriological  laboratory  testing  in  all  instances. 
Some  of  the  ingredients  of  some  products  mav  contain  numbers  and 
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kinds  of  microorganisms  that  can  affect  the  keeping  (piality  of  the  prod¬ 
uct  or  even  its  acceptability-  Some  ingredients,  such  as  sweetening 
agents,  starch,  and  spices,  can  be  purchased  on  specification  as  to  maxi¬ 
mum  content  of  microorganisms  or  of  numbers  of  certain  kinds.  Tlie 
numbers  of  bacteria  in  ingredients  are  important  in  foods  for  whicli  there 
are  bacterial  standards,  e.g.,  ice  cream,  which  must  not  contain  more 
than  50,()()()  bacteria  per  gram  in  some  areas.  Large  numbers  of  spores  of 
aerobes  are  undesirable  in  drv  milk  to  be  used  in  breadmaking  because 
of  the  increased  risk  of  ropiness  developing;  heat-resistant  spores  in 
sugar  and  starch  mav  add  to  the  difficnltv  in  adecpiately  heat-processing 
canned  vegetables  to  which  sugar  or  starch  is  added;  and  large  numbers 
of  bacteria  in  spices  mav  favor  the  spoilage  of  summer  sausage. 

The  microbiologv  of  the  main  raw  product  often  is  important.  Exces¬ 
sive  mold  mycelium  in  the  raw  fruit,  which  is  indicativ^e  of  the  presence 
of  rotton  parts,  mav  lead  to  condemnation  of  the  canned  or  frozen  product. 
Large  numbers  of  thermodnric  bacteria  in  raw  milk  may  yield  a  pasteur¬ 
ized  milk  that  will  not  meet  the  bacterial  standards  for  numbers  as  esti¬ 
mated  by  the  standard  plate-count  method.  Large  numbers  of  bacteria 
on  vegetables  or  in  fruits  may  indicate  inferiority'  that  will  carrv  over  into 
the  frozen  product.  Laboratory  examination  may  be  employed  to  detect 
these  undesirable  organisms  and  estimate  their  numbers. 

Often  there  is  opportunity  for  microorganisms  to  grow  in  a  food  prod¬ 
uct  during  handling  and  processing  in  the  plant.  Examples  are  the 
build-up  of  thermophiles  where  foods  are  kept  hot,  as  in  forewarmers 
and  blanchers,  and  increases  in  total  numbers  of  bacteria  in  vegetables 
between  blanching  and  freezing.  Line  samples  may  be  tested  in  the 
laboratorv  to  ascertain  where  appreciable  growth  of  microorganisms  is 

taking  place. 


The  Ec|iiipment 

Unless  the  equipment  that  comes  in  contact  with  foods  is  adefjuately 
cleansed  and  sanitized,  it  mav  be  an  important  source  of  contamination 
of  foods  with  microorganisms.  Not  only  may  organisms  persist  on  ecpiip- 
ment  but  thev  mav  increase  in  numbers  when  treatment  has  been  mac  e- 
cniate  Microiuological  standards  for  plant  sanitation  have  bc'en  sug¬ 
gested  but  to  date  have  not  been  applied  officially.  Thatcher  has  prev 
posed  that  standards  be  based  on  counts  of  total  numbers  of  microorgan¬ 
isms  per  unit  surface  area  of  equipment  coming  in  contact  with  foods  as 
an  indication  of  the  effectiveness  of  cleaning  and  sanitizing,  and  on  spe¬ 
cial  tests  for  bacteria  of  human  origin,  e.g.,  coliform  bacteria  and  streptev 
cocci  of  fecal  origin,  staphylococci  from  nasopharvngcad  or  suppuratne 
sources,  and  Streptococcus  snJivarius  from  the  mouth,  to  indica  e  con¬ 
tamination  from  personnel. 
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Clcansino.  From  a  bacteriological  viewpoint,  cleansing  of  equipmen 
is  primarilv  to  remove  as  much  food  for  microorganisms  as  is  practicable. 
For  the  most  part,  equipment  is  disassembled  for  cleaning  and  sanitizing, 
although  this  is  difficult  for  some  pieces.  To  aid  in  the  cleansing  action 
of  water,  cleansing  agents  called  detergents  are  employed.  These  agents 
may  serve  to  soften  or  condition  the  water,  improve  the  wetting  ability 
of  the  cleansing  solution,  emulsify  or  saponify  fats,  solubilize  minerals, 
deflocculate  or  disperse  suspended  materials,  and  dissolve  as  much 
soluble  material  as  possible.  At  the  same  time  the  detergents  should  be 
noncorrosive  and  readily  rinsed  from  the  surfaces.  Among  the  detergents 
used  alone  or  in  mixtures  are  the  alkaline  varieties,  such  as  lye,  soda  ash, 
sodium  metasilicate,  trisodium  phosphate,  and  the  polyphosphates;  acid 
detergents,  usually  organic  acids,  such  as  hydroxyacetic,  gluconic,  citric, 
tartaric,  and  levulinic  acids;  and  wetting  agents,  which  may  be  anionic 
(NaR),  such  as  the  hydrocarbon  sulfonates;  nonionic,  e.g.,  polyethcr 
alcohol;  or  cationic  (RCl),  for  example,  the  cjuaternary  ammonium  com¬ 
pounds.  Cleaning  may  be  aided  by  the  employment  of  brushes  and  of 


water  under  pressure. 

Sanitizing.  The  sanitizing  process  is  an  attempt  to  kill  most  or  all  of 
I  the  microorganisms  on  equipment  surfaces.  The  kind  of  sanitizer,  the 
concentration  emploved,  the  temperature  of  the  sanitizer,  and  the 
method  of  application  will  vary  with  the  kind  of  sanitizing  agent,  the 
conditions  during  use,  the  type  of  equipment  to  be  treated,  and  the 
microorganisms  to  be  destroyed.  Among  the  sanitizing  agents  in  common 
use  are  hot  water,  flowing  steam  or  steam  under  pressure,  halogens 
(chlorine  or  iodine)  and  halogen  derivati\'es,  and  the  (juaternar)'  am¬ 
monium  compounds. 

Steam  under  pressure  is  the  most  effective  wav  of  applying  heat  as  a 
sanitizing  agent,  but  its  use  is  limited  to  closed  systems  that  can  with¬ 
stand  pressure.  Steam  jets,  flowing  steam,  or  hot  water  may  be  used,  but 
jets  are  ineffective  except  at  verv  short  distances,  flowing  steam  may 
condense  and  drop  in  temperature  as  it  passes  through  equipment,  and 
hot  water  may  undergo  a  similar  drop  in  temperature.  All  microorgan¬ 
isms  and  their  spores  can  be  killed  by  adequate  treatment  with  high- 
pressure  steam.  Effectively  applied  flowing  steam  and  boiling  water  will 
kill  all  but  some  of  the  more  resistant  bacterial  spores.  The  lower  the 
temperature  of  “hot”  water,  the  less  effective  it  will  be  in  killing 
organisms. 

Chlorine,  iodine,  and  their  compounds  (hypochlorites,  chloramines, 
iodophors,  etc.)  are  effective  germicides  if  in  proper  concentrations  and 
if  given  enough  time  to  act.  Usually,  more  sanitizer  is  necessary  in  the 
presence  of  organic  matter,  bacterial  spores  are  especially  resistant  to 
these  sanitizers.  Chlorine  is  used  to  destrov  undesirable  bacteria  in  water 
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for  drinking,  for  use  in  foods,  for  washing  foods  or  ecjuipineiit,  and  for 
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cooling.  Hypochlorites  are  more  labile  but  more  effective  at  acid  pH 
values  than  at  alkaline  ones. 


Quaternary  ammonium  compounds  are,  in  general,  more  effective 
against  Gram-positive  than  Gram-negative  bacteria.  These  compounds 
have  a  residual  effect,  that  is,  they  adhere  to  ecpiipment  surfaces  to  deter 
bacterial  growth;  but  they  rinse  off  onto  foods  coming  into  contact  with 
these  surfaces,  and,  if  tliey  are  present  in  detectable  concentrations, 
might  be  considered  undesirable.  Many  of  these  compounds  are  active 
under  alkaline  conditions. 

Detergent  sanitizers,  which  usuallv'  are  a  combination  of  an  alkaline 
detergent  and  a  quaternarv  ammonium  compound,  sometimes  are  used 
to  cleanse  and  sanitize  utensils  or  equipment  in  one  operation. 

Clcaned-in-pJace  Sijsfems.  Some  industries,  especially  the  dairy  in¬ 
dustry,  are  leaving  pipelines  permanently  connected  and  cleaning  and 
sanitizing  them  in  place;  and  apparatus  is  av'^ailable  for  accomplishing 
this  automatically.  Different  sequences  of  treatments  are  recommended 
for  different  cleaned-in-place  (GIP)  systems.  Milk  pipelines,  for  example, 
are  rinsed  first  with  tepid  water,  pushed  or  pulled  through  the  system. 
Then  hot  ( 160°F,  or  71°C)  detergent  solution  may  be  passed  through, 
followed  by  rinsing  water  and  finally  a  sanitizing  agent,  such  as  hot 
water  (17d°F,  or  77°G,  or  over),  chlorine  solution  (200  ppm),  or  a 
quaternarv  ammonium  compound  (200  ppm).  Sometimes  a  sanitizing 
treatment  is  given  just  prior  to  use. 

Books  listed  at  tlie  end  of  the  chapter  should  he  consulted  for  mor( 
detail  on  rietergents  and  sanitizers  and  on  choosing  and  using  them. 

Fiiiis’Lstatic  Paints.  There  also  is  the  possihilih’  of  contamination  ol 
foods  and  e(inipment  from  walls,  ceilings,  and  other  parts  of  the  foo( 
plant  Most  tronhlesoine  are  the  molds,  whose  spores  are  readily  air 
home  and  mav  travel  considerahle  distances  in  the  plant.  Cleanimess,  o 
course  will  keep  down  mold  growth,  hut  nowadays,  fungistatic  paint 
are  being  used  on  walls  and  ceilings  likely  to  he  snhject  to  mold  growth 
Commonly  used  in  paints  arc  copper-containing  componnds  sncdi  ai 
copper  naphthanate  or  copper-8-qninolinolate  or  phenol  denva  ne  ^ 
e  g  pentachlorophcnol  or  other  chlorophenols,  oxyqnniolme  sult.it 
ntnW  mercurial!  etc.  Occasionally,  drip  from  overheiul  ceilings,  pipe,. 


etc.,  introduces ‘organisms  other  than  molds  and  must  he  pres  ented. 


The  Preservation  Process 

The  sanitarian  iisuallv  has  little  to  do  with  the  processing  of  the  f ^ 


I  he  sanitarian  usuanv  .u»  ......  .  .  fnr  tho  cffe< 

except  to  check  through  the  lahoratory,  if  one  is  .n.ii .  . 

7veness  of  the  processing.  The  lahoratorv,  for  example,  might  run  k^ 
!rg"!^mlity  test!  on  canned  fooils  and  hacterial  counts  on  frozen  foorl 
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pasteui'izecl  milk,  cln-  milks,  etc.  Some  of  tlie  laboratory  tests  on  foods 
are  discussed  in  Chapter  33. 

Microbiological  Standards  for  Foods 

It  is  evident  from  previous  discussion  that  microbiological  standards 
for  foods  may  be  of  three  types:  (1)  tliose  on  the  raw  product  and  in¬ 
gredients;  (2)  those  concerned  with  plant  sanitation  and  methods  o 
packaging,  storage,  and  liandling;  and  (3)  tliose  on  the  finished  product 
as  marketed.  Examples  of  types  (1)  and  (3)  have  been  given  in  previous 
chapters  and  some  are  presented  in  the  Appendix.  Standards  must  be 
adapted  to  the  types  of  food  for  which  they  are  intended.  They  probably 
would  be  different  for  a  food  to  be  consumed  raw  than  for  the  same 
food  to  be  cooked  or  subjected  to  heating  or  other  processing  before 
being  marketed.  The  tvpe  of  spoilage  organism  to  be  feared  and,  there¬ 
fore,  watched  for  will  vary  with  the  food  and  how  it  is  to  be  processed. 
Standards  for  ingredients  of  soft  drinks,  for  example,  include  those  for 
numbers  of  yeasts;  for  low-acid  foods  to  be  canned,  numbers  and 
kinds  of  heat-resistant  bacterial  spores  are  significant;  and  numbers 
of  aerobic  spore-formers  in  flour  may  indicate  the  likelihood  of  the  de¬ 
velopment  of  ropiness  in  bread.  The  tvpe  of  pathogen  most  likely  to  be 
present  will  be  different  in  different  foods.  Tests  for  coliform  bacteria 
to  indicate  the  possible  presence  of  intestinal  pathogens  are  useful  in 
setting  standards  for  oysters  but  have  little  meaning  when  made  on  raw 
milk.  Salmonellae  might  be  looked  for  in  eggs  or  egg  products  and 
trichinae  in  raw  pork. 

The  chief  purposes  of  microbiological  standards  for  foods  are  to  give 
assurance  ( 1 )  that  the  foods  will  be  acceptable  from  the  public  health 
standpoint,  i.e.,  will  not  be  responsible  for  the  spread  of  infectious  dis- 
iease  or  for  food  poisoning;  (2)  that  the  foods  will  be  of  satisfactorv 
quality,  that  is,  will  consist  of  good  original  materials  that  have  not  de¬ 
teriorated  or  become  undulv  contaminated  during  processing,  packaging, 
storage,  handling,  or  marketing;  (3)  that  the  foods  will  be  acceptable 
from  an  esthetic  viewpoint,  in  that  the  introduction  of  filth  in  the  form 
of  fecal  material,  parts  of  vermin,  pus  cells,  mold  mycelium,  etc.,  has 
been  prevented;  and  (4)  that  the  foods  will  have  keeping  qualities  that 
should  be  expected  of  the  product. 


HEALTH  OF  EMPLOYEES 

As  has  been  pointed  out,  duties  of  the  sanitarian  that  affect  the  health 
of  employees  include  provision  of  potable  drinking  water,  supervision  of 
matters  of  personal  hygiene,  regulation  of  sanitary  facilities  within  the 
plant  and  of  sewage  treatment  and  disposal,  and  supervision  of  sanita- 
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tion  in  plant  eating  establishments  and  in  plant-operated  housing  units. 
Most  of  these  duties  invoK^e  the  sanitary  aspects  of  plant  and  housing 
construction,  selection  of  qualified  personnel  to  direct  operations  of  tlie 
facilities,  and  training  of  employees  in  sanitary  practices. 

The  bacteriology  of  drinking  water  and  of  sewage  treatment  and 
disposal  has  been  discussed  briefly.  Iloweyer,  sanitation  in  eating  ])lace.s 
in  the  plant  deserves  special  mention.  Special  places  should  he  desig¬ 
nated  for  eating  carried  lunches,  and  such  places  should  he  kept  neat 
and  sanitary.  If  the  plant  serves  meals  to  employees  in  a  cafeteria  oi 
restaurant,  the  sanitarian  should  he  responsible  for  supervision  of  sani¬ 
tation  in  the  preparation,  handling,  serving,  and  storage  of  the  food  so  a.' 
to  avoid  the  spread  of  infectious  microorganisms  and  to  prevent  outhrcab 
of  food  poisoning.  The  prevention  of  food  poisoning  and  food  infectionj 
has  been  discussed  in  Chapter  30.  To  prevent  the  spread  of  disease 
eating  utensils  should  he  handled,  washed,  and  sanitized  as  directed  ii 
the  “Ordinance  and  Code  Regulating  Eating  and  Drinking  Establish 
ments”  of  the  United  States  Public  Health  Serx  ice.  This  bulletin  describe: 
approved  methods  for  cleaning,  sanitizing,  storing,  and  handling  utensil, 
and  equipment. 

All  multiservice  eating  and  drinking  utensils  and  those  used  in  tin 
preparation  or  serving  of  food  and  drink  are  subjected  to  prompt  clean 
ing  bv  hand  or  by  machine.  The  cleaning  is  by  means  of  warm  wate 
(HO  to  120°F,  or  43  to  49°C)  containing  an  adequate  amount  of  . 
suitable  detergent.  This  is  followed  by  a  bactericidal  treatment  which  i7ia_ 
consist  of  ( 1 )  immersion  for  at  least  2  min  in  clean  water  at  170  I 
(77°C)  or  above,  or  for  y>  min  in  boiling  water;  or  (2)  immersion  fa 
at  least  2  min  in  lukewarm  chlorine  solution  containing  at  least  50  ppi 
of  available  chlorine  but  preferably  100  ppm  (hypochlorite  >isu£ly  i 
employed);  or  (3)  exposure  in  a  steam  cabinet  to  at  least  170'^F  (77"C 
for  at ^ least  15  min  or  at  least  20(UF  ( 93°C)  for  at  least  5  min;  or  (4 
exposure  in  a  hot-air  cabinet  to  at  least  1S0°F  (S2  C:)  for  at  least  20  mii 
The  bacteriological  examination  of  eating  and  drinking  utensils  will  b 

discussed  in  Chapter  33. 
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CHAPTER  33  Microhiologicdl  LaJ)()ratonj  Methods 


Microbiological  tests  on  the  cjiialitv  of  foods  and  food  ingredients  ina; 
be  conducted  in  laboratories  of  food  plants  or  of  various  control  agencie 
Federal,  state,  local,  pris  ate,  or  commercial. 


PURPOSES  OF  TESTS 


The  objectives  of  the  microbiological  tests  employed  will  depend  npo 
the  type  of  laboratorv  making  them.  Laboratories  of  governmental  coi 
trol  agencies  will  be  concerned  primarily  with  testing  foods  to  ascertai 
whether  they  meet  the  standards  Federal,  state  or  local  as  promn 
gated  by  law.  Thus,  for  example,  total  numbers  of  bacteria  might  b 
estimated  in  ice  cream  or  market  milk,  coliform  bacteria  might  be  est 
mated  in  oysters  or  drinking  water,  and  mold  mycelia  might  be  conntr 
in  frozen  berries.  The  tests  wonld  be  concerned  for  the  most  part  wit 
sanitary  aspects  of  the  foods,  that  is,  fitness  and  especially  healthfnlne* 
for  consumption. 

The  food-plant  laboratories,  which  are  concerned  chiefly  with  qnalb 
control,  test  the  raw  product  and  ingredients  and  line  samples  diirii : 
handling  and  processing  as  a  check  on  the  success  of  their  methods  ai  i 
as  a  warning  of  possible  troubles  to  come.  They  also  see  that  bacterii 
logical  standards  are  being  met,  if  such  standards  exist,  that  the  keepii  i 
cpialitv  of  the  product  is  acceptable,  and  that  no  microorganisms 
microiiial  products  injurious  to  human  health  are  present. 

Private  control  agencies,  e.g.,  the  Committee  on  FimkIs  of  the  Americcj 
Medical  .\ssociation  or  the  Good  Housekeeping  Institute,  might  lur 
laboratory  tests  to  enable  the  recommendation  or  acceptance  of  certu 

brands  of  foods. 

Laboratories  of  commercial  control  agencies,  e.g.,  of  the  National  U.n 
„ers  As.sociation,  the  American  Dry  Milk  Institute,  the  American  Mt 
Institute,  etc.,  may  set  standards  of  their  own  for  the  special  t>pes 
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cod  with  which  they  are  concerned  and  describe  recommended  or  offi- 
ial  methods  of  examination. 


;ampling 

Accepted  methods  for  the  microbiological  examination  of  as  de- 

cribed  by  the  appropriate  agencies  nsnally  include  specific  directions 
egarding  the  sampling  of  the  food. 


iseptic  Sampling 

Anv  packaged  food  product  that  is  supposedly  sterile  or  nearly  so  is 
ampied  with  aseptic  precautions  from  the  container  opened  in  the 
iboratorv.  This  type  of  sampling  is  essential  when  legal  aspects  are  in- 
olved.  Foods  containing  large  numbers  of  microorganisms  and  espe- 
ially  those  exposed  normally  to  open  air  and  other  contamination  may 
ot  require  strictly  aseptic  precautions.  .\11  apparatus  connected  with 
ampling  should,  however,  be  previously  sterilized  and  kept  sterile  until 

ised. 


sampling  Devices 

Liquid  foods  ordinarily  are  sampled  by  means  of  sterile  pipettes  or 
jampling  tubes,  preferably  after  stirring  or  mixing  to  homogeneity.  Solid 
Foods  my  be  sampled  by  means  of  sterile  sampling  tubes  on  the  Older  of 
3ork  borers  or  triers,  or  by  augers,  scoops,  spoons,  or  knives.  Separate 
jmall  units  of  liquid  or  solid  foods  may  be  taken  as  samples  during  suc¬ 
cessive  stages  in  handling  and  processing.  Inner  surfaces  of  equipment 
may  be  sampled  by  the  rinse  method;  flat  surfaces  may  be  sampled  by 
pressing  the  agar  surface  of  a  contact  plate  against  the  surface;  and  vari- 
:)us  surfaces  of  equipment  may  be  samjiled  by  the  swab  technique,  in 
which  a  sterilized  swab,  soaked  in  a  dilution  liquid,  is  squeezed  out 
partially,  then  rubbed  over  an  indicated  surface  area,  and  rinsed  in  the 
liquid,  which  then  is  plated  or  cultured  on  agar  slants. 

Number  and  Size  of  Samples 

Total  numbers  and  evenness  of  distribution  of  microorganisms  in  the 
food  will  influence  the  number  of  samples  to  be  taken  and  the  size  of 
those  samples.  The  more  homogeneous  the  food  is  bacteriologically,  the 
Fewer  and  smaller  need  be  the  samples.  Only  1  ml  of  a  well-mixed  lot 
af  milk  is  sufficient  for  plating,  but  11  g  or  more  of  flour  or  of  frozen 
peas  would  be  taken  because  of  the  probable  uneven  distribution  of 
organisms  in  these  foods.  Some  foods  are  fairly  homogeneous  within  a 
given  unit  or  lot  but  vary  considerablv  in  different  lots.  In  this  event, 
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sampling  of  the  different  lots  is  indicated,  after  which  either  individua 
or  pooled  samples  are  examined. 

Part  of  Food  Sampled 

Because  some  foods  carry  nearly  all  their  load  of  microorganisms  oi 
outer  surfaces,  e.g.,  poultry,  meats,  fish,  and  fruits,  unit  areas  of  thest 
surfaces  usually  are  sampled,  and  numbers  of  microorganisms  are  ex 
pressed  as  per  scpiare  centimeter  or  per  scpiare  inch.  \\  hen  the  organism 
are  distributed  throughout  the  food,  a  specified  mass  or  yolume  is  taken 
and  the  counts  are  per  gram  or  per  milliliter. 

Release  of  Microorganisms  from  Sample 

Microorganisms  are  in  free  suspension  in  most  licpiid  foods  and  was 
readily  from  the  surfaces  of  some  solid  foods  (e.g.,  dried  fruits).  1 
many  foods  the  organisms  adhere  strongly  to  surfaces  or  are  held  in  the  in 
terior  and  are  loosened  only  by  thorough  comminution  of  the  food  by  som 
means,  such  as  grinding  with  sterile  sand  in  a  sterilized  mortar  or  hreal- 
ing  up  the  food  in  a  mechanical  blender.  Thus,  for  example,  the  bacteri 
on  the  surface  of  cabbage  or  lettuce  leayes  or  in  hamburger  or  a  wienc 
would  be  released  only  by  comminution. 

Handling  of  Sample 

WTen  perishable  food  samples  cannot  be  giyen  microbiological  tes 
promptly,  they  must  be  cooled  immediately  if  not  cold  and  must  be  ice 
or  refrigerated  during  transportation  to  the  laboratory  and  until  they  ai 
tested.  It  is  recommended  that  milk  samples,  for  example,  be  held  at  i 
to  40°F  (0  to  4.44°C)  and  tested  within  a  few  hours  after  collectio 
although  little  change  in  bacterial  population  is  likely  to  occur  within  i 
hr  at  this  chilling  temperature.  Usually,  freezing  of  food  samples 
ayoided. 


TYPES  OF  SAMPLES  TESTED 


The  samples  collected  for  testing  will  depend  upon  the  kind  of  foe 
and  the  type  of  laboratory  making  the  tests.  Most  often  only  tlie  fii  • 
product  is  giyen  a  microldological  test.  .At  f(K>d  plants  the  amount 
bacteriological  testing  done  varies  from  nOTie  in  many  plants  to  regu 
testing  of^  raw  product,  ingredients,  samples  at  v  arious  stages  dun  - 
handling  of  foods  and  from  ecpiipment  surfaces,  pimessing,  and  pack; 
ing,  to  testing  the  final  product  in  other  plants. 


KINDS  OE  MICHOBIOLOGIC.AL  TESTS  MADE 


Microbiological  tests  on  foods  may  be  (piantitatiye,  to  estiihati  to* 
„„.nl,ors  of  organisms  or  n.nntK-rs  of  thoso  kinds  of  organisms  that  h. 
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special  significance,  or  may  be  qualitative,  to  detect  certain  kiiids  of 
organisms  or  products  produced  by  them.  Tests  for  sterility  may  e  con¬ 
ducted  on  containers  or  on  finished  packaged  products;  and  tests  may 
he  made  on  the  keeping  quality  of  foods.  The  methods  employed  vary 
from  those  that  may  be  considered  official,  as  those  for  milk  and  dairy 
products  and  water,  to  recommended  or  suggested  methods.  A  summary 
of  commonly  used  microbiological  tests  made  on  various  foods  follows. 


Summary  of  Commonly  Used  Microbiological 
Tests  Made  on  Foods 

Plating  for  Total  Numbers  of  Bacteria:  bottled  beverages,  concentrated  milks, 
condensed  milk  (sweetened),  dry  milk,  eggs  (pulp,  dried,  frozen),  floni, 
frozen  desserts,  fruits  (dried,  frozen,  juices),  milk  and  cream,  nuts,  oysteis 
(and  other  shellfish),  salad  dressings,  spices,  stabilizers  (ice  cream),  vege¬ 
tables  (dried,  frozen),  water 

Plating  for  Yeasts  and  Molds:  Bottled  beverages,  butter,  eggs  (pulp,  dried, 
frozen),  fermented  foods,  salad  dressings,  stabilizers  (ice  cream),  sugars 
and  other  sweetening  agents 

Reductase  Tests egg  pulp,  milk,  oysters,  prawns 

Direct  Microscopic  Count  of  Bacteria:  eggs  (pidp,  frozen),  frozen  vegetables, 
frozen  desserts,  milk,  and  cream 

Microscopic  Count  of  Mold  Fragments:  butter,  frozen  fruits,  canned  tomatoes, 
and  other  fruits  ^ 

Microscopic  Count  of  Living  and  Dead  Bacterial  Cells:  drv  milk,  pasteurized 
milk,  sweetened  condensed  milk  ^ 

1  Counts  of  Spores  of  Mest^bilic  Bacteria:  flour,  sugars  and  other  sweetening 
agents 

Tests  for  Spores  of  Tlie^^ophiles  and  Putrefactive  Anaerobes:  dry  milk,  spices, 
starch,  sugars  and  other  sweetening  agents 

Tests  for  Coliform  Bac^ia  (and  Counts):  bottled  beverages,  certified  milk, 
colors  and  flavors,  dr^’  whole  milk,  eggs  (pulp,  dried,  frozen),  frozen  des¬ 
serts,  fruit  juices,  oysters  and  other  shellfish,  pasteurized  milk,  salad  dress¬ 
ings,  stabilizers  (ice  efeam),  water 

Tests  for  Pathogens'-^ 

Brucella  spp.:  milk  and  other  dairv  products 

Clostridium  botulinuurf canned  foods  (low-,  medium-acid),  cured  meats,  fish 
Hemolytic  bacteria:  cheese,  eggs  (pulp,  dried,  frozen),  frozen  desserts, 
milk  and  cream 

Salmonella  sppyf  cheese,  eggs  (pulp,  dried,  frozen),  meats,  foods  suspected 
of  causing  Salmonella  infections 

Staphylococcus  aureus:  foods  suspected  of  causing  staph vlococcus  poisoning 
Trichinae:  pork,  bear  meat,  rabbit  meat,  flesh  of  infested  patient 
Tubercle  bacilli:  milk  and  cream 


Quantitative  Methods 

Agai  plate  counts  or  modifications  of  them  are  used  most  commonlv 
for  the  estimation  of  total  numbers  of  microorganisms  in  foods,  although 
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most  prol^ahle  numbers  are  calculated  from  licpiid  media  inoculated  with 
decimal  dilutions  in  some  instances,  and  the  direct  microscopic  count 
has  been  recommended  for  some  foods.  The  agar  plating  medium  em¬ 
ployed  usually  is  a  fairly  simple  and  readily  reproducible  one,  such  as 
plain  nutrient  agar,  a  medium  that  will  yield  comparable  results  in  differ¬ 
ent  laboratories,  although  not  maximum  counts.  Agar  plate  counts  have 
been  made  on  a  number  of  foods,  some  of  which  have  been  listed  abov'e. 
Also,  plate  counts  often  are  used  in  line  tests  in  food  plants  during  han¬ 
dling  and  processing  of  such  foods  and  on  ecpiipment  coming  into  con¬ 
tact  with  foods. 

Especiallv  selective  culture  media,  treatments,  and  environments  are 
recommended  for  the  counting  or  the  detection  of  special  kinds  of  micro¬ 
organisms.  Thermoduric  bacteria  of  ravv^  milk  are  counted  by  the  plate 
method  after  pasteurization  of  the  sample.  When  bacterial  spores  are  to 
be  counted,  the  sample  or  a  dilution  of  it  is  pasteurized,  the  heat-treat¬ 
ment  depending  upon  the  heat  resistance  of  the  spores  sought.  In  count¬ 
ing  spores  of  mesophilic  bacteria,  as  in  flour  or  dry  milk  to  be  used  for 
bread,  a  heat-treatment  of  10  to  15  min  at  S0°C  (1T6°F)  is  recom¬ 
mended.  When  more  heat-resistant  spores  are  of  interest,  such  as  spores 
of  bacteria  spoiling  canned  foods,  a  more  rigorous  heat-treatment  is  ap¬ 
plied,  such  as  5  min  at  10()°C  (212°F)  for  sugar  or  starch  to  be  used  in 
canning.  Oxygen  is  supplied  for  aerobes  and  anaerobic  conditions  for 
anaerobes.  High  incubation  temperatures  (e.g.,  55°C,  or  131°F)  are 
utilized  for  thermophiles  and  low  temperatures  (e.g.,  5  to  10  C,  or  41  to 
.50°F)  for  psvchrophiles.  Media  for  growing  yeasts  and  molds  usually 
are  acidified  to  about  pH  3.5  to  4.0  with  lactic,  tartaric,  or  other  organic 
acid.  Halophiles  are  cultivated  in  high-salt  media  and  osmophiles  in 
media  high  in  sugar.  Some  selective  media  have  chemicals  added  that 
inhibit  all  but  the  desired  organisms.  Selective  media  for  coliform  bac¬ 
teria  are  good  exam]')les:  violet-red  bile  agar,  desoxycholatc  agar,  bril¬ 
liant-green  lactose  peptone  bile,  and  formate  ricinoleate  lactose  peptone 
broth.  Such  media  are  used  in  estimating  numbers  of  coliform  bacteria 
in  milk,  milk  products,  oysters,  and  water  or  in  detecting  their  presence. 
The  li(juid  media  sometimes  are  employed  to  estimate  most  probable 
numbers.  Other  selective  media  are  bismuth  sulfite  agar  for  Salnioncllo^ 
tellurite-glycine  agar  for  staphylococci,  and  antibiotic-bearing  media  fon 


veasts. 

Some  culture  media  contain  indicator  materials  to  aid  in  the  identification 
of  colonies  of  definite  types  of  organisms,  e.g.,  suspended  casein  to  cleai 
up  as  an  indication  of  proteolysis,  suspended  fat  to  indicate  lipolysis, 
pH  indicator  to  detect  acid-*  or  alkali-forming  colonies,  sulfate  plu-- 
citrate  of  iron  to  bring  out  the  black  colonies  of  sulfide  spoilage  bacteru* 
in  sugar  or  starch,  etc.  Other  selective  culture  media  are  blood  agar  fon 
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liemolytic  bacteria,  and,  of  coarse,  espcri.nental  animals  for  xarions 

‘’Ire^direct  .nicroscopic  nretla.d  of  counting  can  be  used  when  numbers 
of  Tnit-roorganisms  in  a  food  are  high.  This  method  also  is  --fu  .  - 
instances,  for  indicating  previous  growth  of  organisms  or  ^ 

incriedients  that  once  were  high  in  miciobial  content.  T  nis  1 
of^  appreciable  numbers  of  fragments  of  mold  mycelia  in  butter,  canned 
tomatoes,  or  frozen  fruits  indicates  an  inferior  or  perhaps  ^-^^ted  oiigina 
raw  product;  many  bacterial  cells  in  pasteurized  milk  show  that  the 
original  raw  milk  was  poor  in  quality;  and  huge  num  leis  o  same 
bacterial  cells  in  dry  milk  indicate  excessive  growth  during  the  handling 
and  processing  of  the  lifjuid  milk. 

Methylene  blue  and  resazurin  reduction  tests  have  been  used  on  inilk, 
egg  pulp,  etc.,  as  indications  of  the  bacteriological  fpiality  of  those 

products. 


Qualitative  Methods 

Selective  methods  like  those  mentioned  in  the  preceding  section  also 
may  be  used  for  the  detection  of  specific  kinds  of  microorganisms  with¬ 
out  an  estimate  of  numbers.  Some  food  organisms  are  so  difficult  to  count 
that  tests  for  them  are  more  ({ualitative  than  quantitative.  For  example, 
spores  of  Clostridium  thermosaccharoh/ticum  (T.A.  spoilage  of  canned 
foods)  in  sugar  are  difficult  to  count  and  are  tested  for  by  distribution 
of  20  ml  of  pasteurized  dilution  containing  4  g  of  sugar  thiough  six 
tubes  of  liver-liver  broth,  and  counting  the  number  of  tubes  showing  gas 
after  incubation  at  55°C  (131°F).  In  addition,  finished  products  may  be 
tested  for  the  presence  of  or  amounts  of  one  or  more  microbial  products 
to  indicate  either  a  good  or  an  inferior  product.  Thus  a  high  volatile  acid 
content  of  wine  indicates  a  defective  fermentation,  and  too  little  or  too 
much  titratable  acid  in  sauerkraut  shows  that  the  fermentation  has  been 
abnormal  or  has  been  too  short  or  too  long.  Pathogenic  microorganisms 
commonly  are  detected  in  foods  rather  than  counted.  Tests  for  food- 
poisoning”  organisms  have  been  mentioned  in  Chapter  30. 


Tests  for  Sterility 

Tests  for  sterility  of  packaged  foods  are  made  by  inoculation  of 
aliquots  from  the  aseptically  opened  and  sampled  container  of  food  into 
appropriate  culture  media,  or,  if  the  food  is  a  good  culture  medium,  by 
incubation  of  the  unopened  containers  of  food  at  recommended  tempera¬ 
tures,  after  which  the  contents  are  examined  macroscopicallv  for  changes, 
or,  if  the  food  is  apparently  unchanged  it  mav  be  plated  or  examined 
microscopically.  Tests  for  sterility  of  containers  and  caps  or  covers  may 
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he  made  by  pouring  culture  medium  into  container  or  cap,  followed  by 
incubation,  or  by  plating  rinsings  made  with  sterile  water  or  buffer 
solution. 

Keeping-qualitv  Tests 

These  tests  usually  involve  the  verv  simple  procc'dure  of  incubation 
of  the  food  under  conditions  simulating  those  under  which  the  food  is 
likely  to  be  kept  after  leaxing  the  food  plant.  Usually  several  different 
temperatures  of  incubation  are  emplo)’ed,  and  samples  are  examined 
periodically  for  signs  of  spoilage.  Canned  \'egetables  and  evaporated  milk 
are  held  at  55°C  (131°F)  for  growth  of  thermophiles  and  at  35  to  37°C 
(95  to  98.6°F)  for  mesophiles;  waxed  v’egetables  would  be  stored  at 
room  and  refrigerator  temperatures.  The  British  employ  keeping-tjuality 
tests  on  market  milk,  storing  it  overnight  at  “atmospheric  shade  tempera¬ 
ture”  before  making  a  methylene  blue  reduction  test. 


AGENCIES  RECOMMENDING  METHODS 

The  American  Public  Health  Association  (APHA)  and  its  committees 
are  responsible  for  many  of  the  recommendiitions  of  miciobiological 
methods  for  the  examination  of  foods.  Most  of  these  methods  have  prac¬ 
tically  an  official  standing,  e.g.,  those  in  Standard  Methods  for  the  Ex¬ 
amination  of  Dairy  Products  ( in  collaboration  w'ith  the  Association  of 
Official  Agricultural  Chemists)  and  Standard  Methods  for  the  Examina¬ 
tion  of  Water  and  Sewage.”  The  manual  on  dair\’  products  deals  with 
methods  for  the  examination  of  milk,  products  made  from  milk,  and  in¬ 
gredients  that  go  into  these  products,  such  as  flavoring  and  coloring 
materials,  sweetening  agents,  eggs  and  egg  products,  and  stabilizers. 
Included  also  are  methods  for  the  examination  of  cMpiipment  and  packag¬ 
ing  materials.  American  Public  Health  Association  committees  also  have 
pidflished  in  the  Journal  and  the  Year  Book  recommended  methods  for  the 
examination  of  oysters  and  other  shellfish,  spices,  fermented  foods,  bot¬ 
tled  beverages,  and  fruit  juices. 

Governmental  agencies  also  may  be  concerned  in  the  recommendation 
of  methods.  The  United  States  Public  Health  Service  recommends  micro¬ 
biological  methods  in  its  “Ordinance  and  Code  Regulating  Eating  and 
Drinking  Establishments”  {Bull.  280)  and  its  “Milk  Ordinance  and  C.ode 
(Bull.  220,  revised).  The  Armed  Forces  have  their  own  recommendec 
methods  for  the  microbiological  examination  of  foods,  and  governmenta 
control  agencies  may  recommend  technicpies  for 

examination  of  foods  for  the  purpose  of  grading  such  foods  or  testing 
for  acceptability.  Thus  the  Agricultural  Marketing  SeiMce  recommends 


Microbiological  Laboratory  Methods 

a  metlKKl  for  tlie  direct  microscopic  examination  of  dry  mil^k,  and  the 
Food  and  Drug  Administration  a  method  for  counting  mold  hlaments  m 

foods.  ,  .1  •  ^ 

The  Association  of  Oiricial  Agricultural  Clieinists  describes  some  micro¬ 
biological  methods  in  various  editions  of  its  “Official  (and  Tentative) 
Methods  of  Analysis,”  including  methods  for  the  examination  of  sugars 
and  of  canned  foods  for  spoilage  bacteria,  the  Howard  method  for  exam¬ 
ining  fruits  (fresh,  frozen,  and  canned)  for  mold  fragments,  examination 
of  eggs  and  egg  products,  etc. 

Organizations  representing  the  various  food  industries  sometimes  pre¬ 
sent  methods  and  may  recommend  standards.  Thus  the  American  Dry 
Milk  Institute,  Inc.,  publishes  recommended  methods  for  the  microbio¬ 
logical  examination  of  dry  milks,  as  well  as  for  grading  these  milks.  Like¬ 
wise,  the  American  Bottlers  of  Carbonated  Beverages  recommends  test 
methods  and  standards  for  granulated  and  li(|uid  sugar  to  be  used  in  its 
products.  The  laboratories  of  the  National  Canners  Association  have 
worked  out  many  of  the  methods  employed  in  the  testing  of  canned  foods 
and  ingredients  used  in  them.  The  American  Meat  Institute  laboratories 
vvwk  similarly  on  meats  and  meat  products,  rhese  are  only  a  few^  e.xam- 
ples  of  methods  from  food-industry  laboratories. 

Some  of  the  publications  that  include  microbiological  methods  for  the 
examination  of  foods  are  listed  at  the  end  of  this  chapter  and  should  be 
consulted  for  details. 


Bacteriological  Examination  of  Eating  and  Drinking  Utensils 

Recommended  methods  for  the  bacteriological  examination  of  eating 
and  drinking  utensils  are  described  in  the  “Ordinance  and  Code  Regulat¬ 
ing  Eating  and  Drinking  Establishments”  ( U.S.  Fuhlic  Health  Service 
Bull.  280),  which  should  be  consulted  for  details.  The  sw^ab  technique 
is  employed  for  sampling  a  significant  surface  on  each  utensil,  and  at 
I  least  four  utensils  of  each  type  are  tested.  Significant  surfaces  are  ( 1 ) 
for  cups  and  glasses,  the  upper  |4  hi.  of  the  inner  and  outer  rims;  (2) 
for  spoons,  the  entire  inner  and  outer  surfaces  of  the  bowls;  (3)  for  forks, 
the  entire  inner  and  outer  surfaces  of  the  tines;  and  (4)  for  plates, 
bowls,  and  saucers,  any  4  sq  in.  that  w'ould  come  in  contact  with  food 
when  used.  The  swabs  are  rinsed  in  buffered  distilled  waiter  to  which  is 
added  sodium  thiosulfate  solution  if  utensils  are  likelv  to  contain  residual 
chlorine.  The  swab  rinsings  are  plated  in  standard  trvptone  glucose  ex¬ 
tract  agar  and  incubated  for  48  hr  at  37°C  (98.6°F).  The  average  plate 
count  per  significant  utensil  surface  examined  should  not  exceed  100 
bacterial  colonies.  Higher  counts  are  presumptiv’e  evidence  of  inadequate 
cleansing  or  bactericidal  treatment  or  of  recontamination  by  handling 
or  during  storage. 
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CHAPTFH  34  Food  Control 


Tlie  objectives  of  the  control,  regulation,  and  inspection  of  food  are 
primarily  to  giv'e  assurance  that  foods,  as  received  by  the  consumer, 
will  be  pure,  healthful,  and  of  the  quality  claimed. 


ENFORCEMENT  AND  CONTROL  AGENCIES 

Enforcement  and  control  agencies  range  from  Federal  to  private,  as 
the  following  brief  outline  will  illustrate: 

1.  Federal  agencies.  The  authority  of  Federal  enlorcement  agencies 
is  confined  to  foods  shipped  interstate  or  foods  produced  in  or  shippt'd 
into  territories.  Agencies  include  (a)  The  Food  and  Dnig  Administra¬ 
tion  of  the  Department  of  Health,  Education,  and  Welfare,  which  en¬ 
forces  The  Federal  Food,  Drug,  and  Cosmetic  Act,  The  Tea  Act,  and 
The  Import  Milk  Act;  (/;)  The  Meat  Inspection  Branch,  Agricultural 
Research  Service,  United  States  Department  of  Agriculture,  which  en¬ 
forces  The  Meat  Inspection  Act,  The  Imported  Meat  Act,  and  The  Horse 
Meat  Act;  (c)  The  Agricultural  Marketing  Service  of  the  United  States 
Department  of  .\griculture,  vv^hich  is  concerned  primarilv  with  the  in¬ 
spection  and  grading  of  fruits,  vegetables,  poultry,  and  dairv'  products; 
(d)  The  United  States  Public  Health  Service,  vvUich  is  not  an  enforce¬ 
ment  agency,  but  which  makes  recommendations,  gives  publicitv,  and 
otherwise  aids  other  agencies;  (e)  The  Armed  Services,  which  mav'  set 
their  own  standards  and  recommend  special  laboratory'  procedures. 

2.  State  agencies.  State  food  laws  usuallv  are  enforced  through  the 
state  Department  of  Public  Health,  Agriculture,  or  Sanitary  Engineering. 

3.  Municipal  agencies.  Citv'  or  town  food  laws  usually  are  enforced 
through  the  local  board  of  health. 

4.  Commercial  agencies.  Trade  associations  or  institutes  may  make 
recommendations  or  ev  en  attempt  regulation  within  their  own  industries. 
Thus  the  National  Caimu'rs  Association  has  set  bacteriological  stancku'ds 
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for  sugar  and  starcl,  for  canning;  the  American  Dry  M.lk  1“^ ‘  ' 
establislied  bacterial  standards  for  dry  milk;  the  American  Bottlers  of 
Carbonated  Beverages  has  bacterial  standards  for  sweetening  agents 

used  in  soft  drinks,  etc.  , 

5.  Professional  societies.  The  American  Public  Health  Association  has 

iniblished  many  of  the  recommended  methods  and  official  methoc  s  oi 
Ihe  bacteriolocrieal  examination  of  foods;  the  International  Association  of 
Milk  and  Food  Sanitarians  has  published  recommended  methods  foi  the 

investic^ation  of  food-poisoning  outbreaks,  etc. 

6.  Private  agencies.  Several  private  agencies  approve  and  list  tested 
foods,  for  example,  the  Good  Housekeeping  Institute. 


THE  FEDERAL  FOOD,  DRUG,  AND  COSMETIC  ACT 

The  Federal  Food,  Drug,  and  Cosmetic  Act  of  1938,  as  amended  to 
date,  will  be  discussed  primarily  from  the  bacteriological  \4cwpoint.  The 
act  applies  to  interstate  shipment  of  foods  and  foods  produced  in  or 
shipped  into  territories  and  the  District  of  Columbia.  The  act  includes 
(1)  authorization  for  standards  of  fjuality  for  foods,  except  ficsh  oi  diied 
fruits  (with  some  exceptions),  vegetables,  and  butter;  and  (2)  classifica¬ 
tion  of  violations  into  (a)  adulteration  and  (b)  misbranding. 

Adulteration 

The  following  descriptions  of  adulteration  may  have  bacteriological 
implications: 

(1)  If  it  [the  foodl  bears  or  contains  any  poisonous  or  deleterious  sub¬ 
stance  which  inav  render  it  injurious  to  health  .  .  .  [unless  iiaturally  there 
at  less  than  a  harmful  level];  (2)  if  it  hears  or  contains  any  added  poisonous 
or  added  deleterious  substance  which  is  unsafe  .  .  .  [i.e.,  above  tolerances 
set];  or  (3)  if  it  consists  in  whole  or  in  part  of  any  filthy,  putrid,  or  decom¬ 
posed  substance,  or  if  it  is  otherwise  unfit  for  food;  or  (4)  if  it  has  been  pre¬ 
pared,  packed,  or  held  under  insanitary  conditions  whereby  it  may  have  become 
1  contaminated  with  filth,  or  whereby  it  mav  have  been  rendered  injurious  to 
health;  or  (5)  if  it  is,  in  whole  or  in  part,  the  product  of  a  diseased  animal  or 
'  of  an  animal  which  has  died  otherwise  than  by  slaughter;  or  (6)  if  its  con¬ 
tainer  is  composed,  in  whole  or  in  part,  of  anv  poisonous  or  deleterious  sub¬ 
stance  which  may  render  the  contents  injurious  to  health. 

Among  the  things  “injurious  to  health”  might  be  microorganisms  caus¬ 
ing  infections  or  poisoning  or  their  products.  The  microorganisms  related 
to  Section  (3)  would  be  those  causing  the  decomposition  of  foods.  Sec¬ 
tion  (4)  would  apply  to  the  cleaning  and  sanitizing  of  equipment  that 
comes  in  contact  with  foods,  and  Section  (6)  to  the  l)acteriological  con¬ 
dition  of  containers  for  packaging  foods.  It  should  be  emphasized  that 
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the  presence  of  disease  organisms  or  their  products,  i.e.,  the  hazard  to 
liealth,  the  presence  of  spoilage  organisms  or  of  the  results  of  their  action, 
and  the  evidence  of  insanitary  practices,  do  not  have  to  he  proved,  hut 
merely  shown  to  be  possible,  to  lead  to  the  condemnation  of  a  food. 

Misbranding 

A  food  is  misbranded  if  its  labeling  is  false  or  misleading  in  any  par¬ 
ticular.  A  food  is  deemed  to  be  misbranded  if  it  contains  a  chemical 
preservativ'e,  unless  this  content  is  stated  on  the  label.  The  Act  states  that 
the  term  chemical  preservative  “means  any  chemical  which,  when  add('d 
to  food,  tends  to  prevent  or  retard  deterioration  thereof;  but  does  not 
include  common  salt,  sugars,  vinegars,  spices,  or  oils  extracted  from 
spices,  or  substances  added  by  .  .  .  wood  smoke.” 


Emergency  Permit 

The  Act  also  states  that:  “Whenever  .  .  .  the  distribution  in  interstate 
commerce  of  anv  class  of  food  may,  by  reason  of  contamination  N\ith 
microorganisms  during  manufacture,  processing,  or  packing  thereof  in 
any  locality,  be  injurious  to  health,  and  .  .  .  such  injurious  nature  can¬ 
not  be  adef{uatelv  determined  after  such  articles  hav'e  entered  interstate 
commerce,”  then  an  emergency  permit  may  be  issued  to  specify  condi¬ 
tions  that  will  protect  public  health;  and  all  of  the  food  must  be  pio- 
duced  and  handled  under  these  conditions. 


THE  MEAT  INSPECTION  ACT 


The  Meat  Inspection  Act  and  regulations  governing  meat  inspection 
are  enforced  by  the  Nleat  Inspection  branch,  Agiicultuial  beseaich  Strv 
ice.  United  States  Department  of  Agriculture.  It  is  re(juired  that  all  meat 
and  meat  products  that  move  in  interstate  commerce,  are  product'd  in 
the  territories  or  the  District  of  Columbia,  or  are  imported  into  this  coun¬ 
try  be  packed  under  license  and  after  inspection  as  specified  by  the  act 
and  regulations.  Government  inspectors  make  ante-  and  post-morten 
examinations  of  animals,  inspect  the  sanitation  of  the  plant  and  its  facil¬ 
ities,  supervise  slaughter  of  the  animals  and  dressing  of  the  meat,  aiK 
check  on  methods  of  handling,  processing,  and  labeling  of  meats  am 
other  animal  parts  and  products  made  from  them.  From  a  bactenologiea 
standpoint,  of  chief  interest  are  ( I )  ante-  and  post-morten  inspection  oi 
animals  for  disease;  (2)  inspection  of  sanitation  throughout  the  plant 
(.3)  description  of  procedures  of  heating,  refrigeration,  freezing,  and  cur 
ing  that  guarantee  the  destruction  of  TrichinclUi  spiralis  in  pork,  i  1 
authorization  of  the  use  ol  lactic  acid  starter  bacteria  in  the  puparatiot 
of  certain  types  of  cured  sausage,  such  as  Thuringer  or  salami;  and 
testing  of  canned  meat  or  meat  products  for  kei'pmg  (juahty. 


Food  Control 
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the  poultry  products  inspection  act 

Compulsoiv  inspection  of  processed  poultry  (for  interstate  shipment ) 
,,v  tL'A?rieultur‘.I  Marketing  Service  of  the  Umted  States  Depart.^ 
of  Agriculture  at  government  expense  goes  into  effect  on  January  1,  19.  ■  . 
Ante-  and  post-mortem  inspection  of  fowls  is  involved. 


INSPECTION  AND  GRADING  BY  AGRICULTURAL 
MARKETING  SERVICE 


Application  may  be  made  by  any  interested  party  or  bis  autborized 
a^ent  for  the  investigation  and  certification  by  a  licensed  inspector  from 
the  Agricultural  Marketing  Ser\'ice  of  the  class,  ([iiahty,  and  condition  o 
anv  agricultural  commodity  or  food  product,  whether  raw,  dried,  cannec , 
or  otherwise  processed,  and  any  product  containing  an  agricultural  com¬ 
modity  or  derivative  thereof  when  offered  for  interstate  shipment.  The 
applicant  pays  the  cost  of  the  services  of  the  government  inspector. 
Bacteriological  analyses,  such  as  plate  count,  direct  microscopic  count, 
coliform  tests,  and  yeast  and  mold  counts  are  made  for  appropriate  fees. 
When  dairv  plants  are  operating  under  government  (USDA)  inspection, 
bacteriological  tests  are  made  on  the  water  for  potability  and  on  raw 
milk  and  cream  to  grade  them.  Recommendations  are  made  legaiding 
methods  for  cooling  and  handling  the  milk  or  cream  and  for  adequate 
cleansing  and  sanitizing  of  equipment  and  utensils. 


STATE  AND  MUNIGIPAL  FOOD  LAWS 

States  and  cities  have  food  laws  that  usually  are  modeled  on  Federal 
laws  or  recommendations.  Ordinarily,  more  attention  is  given  to  milk 
and  milk  products  than  to  other  foods.  Municipal  ordinances  may  be 
stricter  than  state  laws  but  never  more  lenient.  The  regulations  usually 
provide  for  inspection  of  food-handling  operations,  for  the  examination 
of  foods,  and  sometimes  for  examination  of  food  handlers.  Direct  laws 
may  be  enforced  or  a  license  system  may  be  employed  in  which  revoca¬ 
tion  of  the  license  may  be  a  pcnaltv  for  nonconformance.  Manv  of  the 
states  and  municipalities  have  laboratories  in  which  to  do  bacteriological 
work  (Chapter  33)  in  connection  with  the  enforcement  of  the  regulations. 


GONTROL  BY  FOOD  PLANTS 

Inspection  and  sanitation  in  the  plant  by  plant  employees  bave  been 
discussed  in  Chapter  32,  and  some  of  the  laboratorv  methods  emploved 
have  been  outlined  in  Chapter  33. 
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microbiological  standards 

A.  Standards  for  Starch  and  Sugar  (National  Canners  Association) 

1  Total  thermophilic  spore  count:  Of  the  five  samples  from  a  lot  of  su  a 
or  starch  none  shall  contain  more  than  150  spores  per  10  grams  and  the 
average  for  all  samples  shall  not  exceed  125  spores  per  10  grams  ^ 

2.  Flat  sour  spores:  Of  the  five  samples  none  shall  contain  more  than  h 
spores  per  10  grams  and  the  average  for  all  samples  shall  not  exceed  50 

spores  per  10  grams.  \  <■ 

3  Thermophilic  anaerobe  spores:  Not  more  than  three  (60  percent)  of  the 
’  five  samples  shall  contain  these  spores,  and  in  any  one  sample  not  more 
than  four  (65+  percent)  of  the  six  tubes  shall  be  positive. 

4.  Stilfide  spoilage  spores:  Not  more  than  two  (40  percent)  of  the  five 
samples  shall  contain  these  spores,  and  in  any  one  sample  there  shall 
be  no  more  than  five  colonies  per  10  grams  (ecpiivalent  to  two  colonies 
in  the  six  tubes ) . 

B.  Tentative  Standard  for  “Bottlers’”  Sugar  (granulated).  Effective  July  1, 
1953  (American  Bottlers  of  Carbonated  Beverages) 

1.  Mesophilic  bacteria:  not  more  than  200  per  10  grams. 

2.  Yeasts:  not  more  than  10  per  10  grams. 

3.  Molds:  not  more  than  10  per  10  grams. 

C.  Tentative  Standard  for  “Bottlers’”  Liquid  Sugar,  November,  1955  (Ameri¬ 
can  Bottlers  of  Carbonated  Beverages) 

1.  Mesophilic  bacteria:  not  more  than  100  per  5  grams. 

2.  Yeasts:  not  more  than  2  per  5  grams. 

3.  Molds:  not  more  than  5  per  5  grams. 

D.  Standards  for  Dairy  Products 

About  half  the  states  and  large  cities  in  this  countr\’  model  their  standards 
on  the  “Milk  Ordinance  and  Code”  recommended  by  the  United  States 
Public  Health  Service,  as  rpioted  below,  but  the\’  ma\’  dilfer  cousiderabb 
in  their  bacterial  standards.  Standards  set  bv  various  states  and  cities  will 
not  be  cited,  because  these  vary  considerablv  and  applv  onlv  locallv.  Grade 
A  raw  milk  (retail)  is  permitted  by  some  states  and  cities  with  a  maximum 
bacterial  count  standard  of  35,000  to  50,000  per  milliliter,  and  two  or 
three  grades  of  retail  raw  milk  are  allowed  bv  a  number  of  states. 

1.  Milk  for  pasteurization  (“Milk  Ordinance  and  Code,”  USPIIS) 

a.  Grade  A  raw  milk  for  pasteurization:  The  average  (logarithmic) 
bacterial  plate  count  or  direct  microscopic  clump  count  of  at  least 
four  successive  samples  of  the  milk,  as  delivered  from  the  farm,  shall 
not  exceed  200,000  per  milliliter;  and  at  no  time  between  dumping 
and  pasteurization  shall  the  raw  milk  contain  more  than  400,000  per 
milliliter. 
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h.  Grade  B  raw  milk  for  pasteurization:  The  average  (logarithmic) 
plate  count  or  the  direct  microscopic  clump  count  of  the  milk,  as  de¬ 
livered  from  the  farm,  shall  not  exceed  1  million  per  milliliter. 
c.  Grade  G  raw  milk  for  pasteurization:  This  is  raw  milk  which  does 
not  meet  the  reejuirements  of  Grade  B  raw  milk  for  pasteurization. 

2.  Pasteurized  milk  (“Milk  Ordinance  and  Gode,”  USPHS) 

a.  Grade  A  pasteurized  milk:  The  average  (logarithmic)  bacterial  plate 
count  shall  not  exceed  30,000  per  milliliter,  nor  the  average  coliform 
count  10  per  milliliter. 

b.  Grade  B  pasteurized  milk:  The  average  (logarithmic)  bacterial  plate 
count  .shall  not  exceed  50,000  per  milliliter. 

c.  Grade  G  pasteurized  milk:  This  milk  does  not  meet  the  ixMiuirements 
for  Grade  B  pasteurized  milk. 

3.  Certified  milk  (American  Association  of  Medical  Milk  Commissions, 

Inc.) 

a.  Certified  milk  (raw):  The  bacterial  plate  count  shall  not  exceed 
10,000  colonies  per  milliliter  and  the  coliform  colony  count  .shall  not 
exceed  10  per  milliliter. 

h.  Certified  milk  (pasteurized):  The  bacterial  plate  count  shall  not  e.x- 
ceed  10,000  colonies  per  milliliter  before  pasteurization  and  500  per 
milliliter  in  route  samples. 

4.  Cream  (“Milk  Ordinance  and  Code,”  USPIIS) 

Bacterial  standards  for  cream  and  half-and-half  are  double  those  for 

milk. 

5.  Dri/  milk 

a.  Standards  of  American  Dry  Milk  Institute,  Inc. 


1 

Kind  of  dry  milk  (Iradf* 

Proce.ss 

Maximum,  SPC  + 
(nos/f?) 

■  ■  1 

Nonfat  solids .  lOxtra 

Spray 

.')().()()() 

\’acuum  flrum 

.50. 000 

.Vtmospheric  roller 

.50.000 

Standard 

Spray 

100.000 

Vacuum  drum 

100,000 

.Vtmospheric  roller 

100.000 

Whole .  Premium 

Spray,  p;a.s-paeked 

.‘iO.OOOj 

lOxtra 

Spray,  ga.s-packed 

.50,000 

Bulk,  spray 

.50.000 

Bulk,  roller 

.50.000 

Standard 

Bulk,  spray 

100, (M)0 

1 

Bulk,  roller 

100, (MX) 

t  SPC’  =  standard  plate  count. 

X  Coliform  plate  count  =  not  over  00  per  Rrain. 


Standards  of  Agricultural  Marketing  Service  (United  States  Depart¬ 
ment  of  Agriculture) ,  1954. 

Tl.e  standards  set  as  of  195:3-1954  arc  similar  to 

can  Drv  Milk  Institute,  but  grades  are  termed  I  .S.  hxtra,  L 

Standard,  etc.  In  addition,  raw  whole  milk,  sampled  pist  Indore  the 
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fi,,,  heat  pv, .cessing  in  the  ■■'-"f-''''-.:;;, 

a";:;."::.  'r:«c:’r— "«>  -"'S 

,n,;st  not  esceecl  30()  n.iliion  per  g.'a..i.  Suggested  ,iew  sh.nda.  Is 
pioh  d.lv  soon  to  t>e  in  effect  for  nonfat  diy  milk  piodueec  >>  ei 
he  spiav  or  roller  pioecss.  are  a  direct  mieiescopic  dump 
„ot  over'75  million  pet  gtam  for  U.S.  Extra  Grade  and  not  over  300 
million  per  gram  for  U.S.  Standard  Grade. 

Tte'^ltalted  number  of  states  and  cities  that  have  bacterial  staiKlards 
usually  specify  a  maxim., m  count  of  50,000  to  100,000  per  m.lhl.ter  or 

(Tram  Few  have  coliform  standaids.  rp.  i 

E.  Sta.”dard  for  Tomato  Juice  and  To.nato  Products-Mold-counl  Tolerances 

(Federal  Food  and  Drug  Administration)  ^  -  ^ 

The  pereentage  of  positive  fields  tolerated  is  20  pereent  for  tomato  )iiice 
and  40  percent  for  other  comminuted  tomato  products,  such  as  catchup, 
puree,  paste,  etc.  A  microscopic  field  is  considered  positive  when  aggregate 
length  of  not  more  than  three  mold  filaments  pre.sent  exceeds  one-sixth  o 
the" diameter  of  the  field  (Howard  mold  count  method).  The  Howaid  mo  c 
count  method  also  has  been  applied  to  raw  and  frozen  fruits  of  various 

kinds,  especially  to  berries. 


SOME  SUGGESTED  MICROBIOLOGICAL  STANDARDS 

A.  Standard  for  Sugar  Used  in  Meat  Packing 

When  five  samples  of  sugar  are  examined,  not  more  than  two  samples  may 
show  more  than  two  (out  of  five)  tubes  positive  for  gas,  odor,  or  acidity 
at  any  of  the  three  temperatures  of  incubation,  and  no  sample  may  show 
more  diaii  four  (out  of  five)  tubes  positive  for  gas,  odor,  or  acidity  at  any 
one  of  the  three  temperatures.  Tubes  of  nutrient  liver  broth  are  inoculated 
with  1  ml  of  a  solution  of  10  grams  of  sugar  per  100  grams  of  sterile  water, 
and  incubation  is  for  3  davs  at  98  and  131°F  and  5  days  at  80  F. 

B.  Standards  for  Drinking  Water 

“Standard  Methods  for  the  Examination  of  Water  and  Sewage  ’  does  not 
stipulate  any  bacteriological  standards  for  water.  The  U.S.  Treasury  De¬ 
partment  has  suggested  that  there  be  not  more  than  1  coliform  per  100  ml, 
and  tlie  Federal  Security  Agency  has  stipulated; 

1.  Of  all  standard  (iO-ml)  portions  examined  per  month,  not  more  than 
10  percent  shall  be  positive  for  coliforms. 

2.  Occasionally,  three  or  more  of  the  five  (10-ml)  portions  constituting 
a  single  standard  sample  may  be  positive,  but  a  positive  coliform 
count  is  not  allowable  if  it  occurs  in  more  than  (a)  5  percent  of 
standard  samples  when  twent\'  or  more  have  been  examined  per 
month,  or  (/;)  one  standard  sample  when  less  than  twenty  per  month 
have  been  examined. 

C.  Standards  for  Eggs 
1.  Licpiid 

Not  more  than  5  million  organisms  per  gram  when  plates  are  incidiatcd 
at  22°C  (71.6°F)  (N.  R.  Knowles). 
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2.  Dried 

Not  more  than  300, ()()()  vial)le  organisms  per  gram  (von  Loeseeke). 
For  purchase  of  whole,  stal)ilizecl  egg  solids:  Before  drying  the  li(|uid 
egg  must  have  been  heated  at  140  to  142°F  (60  to  61.1°C)  for  from 
3  to  3.5  min.  The  standard  plate  count  of  the  dr\-  egg  shall  not  exceed 
an  average  of  50,000  per  gram  for  a  lot.  No  sample  unit  shall  contain 
more  than  75,000  per  gram.  The  eoliform  plate  count  shall  not  e.xeeed 
an  average  of  50  per  gram  for  a  lot,  or  100  per  gram  for  a  sample  unit. 
The  yeast  and  mold  count  shall  not  exceed  an  average  of  20  per  gram 
for  a  lot,  or  50  per  gram  for  a  sample  unit  (Quartermaster  Corps,  U.S. 
Army) . 

3.  Frozen  (whole) 

For  purchase  of  whole,  frozen  egg:  The  licpiid  egg  most  have  been 
flash-heated  to  140  to  142‘’F  (60  to  61.1°C)  and  held  3  to  3.5  min  and 
cooled  rapidly  to  45°F  (7.2‘’C).  The  standard  plate  count  on  tlie  frozen 
egg  shall  not  exceed  an  average  of  10,000  per  gram,  and  no  lot  shall 
exceed  an  average  of  15,000  per  gram.  The  \’ea.st  and  mold  count  shall 
jiot  exceed  an  average  of  50  per  gram,  and  in  no  lot  an  average  of  75 
per  gram.  The  eoliform  plate  count  shall  not  exceed  an  average  of  50 
per  gram,  or  100  per  gram  in  anv  lot.  The  direct  microscopic  count  shall 
not  exceed  an  average  of  500,00()  per  gram  or  1  million  per  gram  in  any 
lot  (Department  of  Defense). 

D.  Standards  for  Fruit  Preserves  and  Jams 

It  has  been  suggested  that  the  percentage  of  fields  positive  for  mold  fila¬ 
ments  should  not  exceed  4  to  40  percent,  depending  on  the  fruit  concerned. 

E.  Standard  for  .\pple  Juice 

0\er  2  million  Neasts  or  200,000  molds  per  milliliter  indicates  that  original 
apples  were  unfit  for  use  (C.  R.  Marshall  and  X.  T.  M  alkley). 

F.  Standards  for  Frozen  Vegetables 

\’egetables  as  thev  enter  the  freezer  should  contain  not  over  50,000  bac¬ 
teria  per  gram  for  peas,  not  over  60,000  for  corn,  and  not  over  100,000 
for  string  beans  (G.  }.  llucker  and  W.  B.  Robin.son).  Most  workers  agree 
that  frozen  vegetables  should  contain  not  more  than  100,000  bacteria  per 
gram  and  fruits  fewer  than  vegetables. 

G.  Standard  for  Precooked  Frozen  Foods  (Meals) 

The\-  should  contain  not  over  100,000  bacteria  per  gram  by  standard  plate 
count  and  le.ss  than  10  eoliform  bacteria  per  gram  bv  eoliform  plate  count. 
None  of  the  meal  components  shall  contain  pathogenic  organisms  (Depart¬ 
ment  of  Defense). 

II.  Standards  for  Hamburger 

Many  workers  have  suggested  standards,  mostlx’  ranging  from  1  to  10 
million  bacteria  per  gram. 

I.  Standard  for  Canned  Margarine 

Camied  margarine  .shall  have  a  yeast  and  mold  count  of  not  more  than  Ht 
per  gram  to  (pialifv  for  purchase  (Department  of  Defeu.se). 
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Ahsidia,  12 

Accessory  food  sulistanccs,  230 
Acetic  acid,  136 
{See  also  Vinegar) 

Acetic  acid  bacteria  (acctics),  56,  337, 
360 

Acetification,  350,  355 
Acetohacter,  42 
aceti,  355,  360 
capsulatum,  350 
oxi/daihs,  355 
rancens,  360 
suhoxidans,  33S,  377 
turbidans,  350 
viscosuin,  350 
xi/Jinum,  360,  365 

Achromohacter ,  44,  255,  274,  285,  288, 
317 

anaerohhim,  350 
perolens,  294 
Achroinobacteraceae,  44 
Acid-proteolytic  bacteria,  57,  299 
Acidity,  cultured  buttermilk,  215 
olives,  173 
pickles,  170,  172 
sauerkraut,  167 
vinegar,  359 
wines,  35:3-354 
Acidophilus  milk,  215 
Acids  {see  specific  acids) 
Actiuomycctales,  54 
Actinomycetes,  274,  303 
{See  also  Streptomijces) 

Adulteration,  445 

Aerobacilli,  54,  268,  298,  310,  325 

Aerohactcr,  44-46,  268 

aerooenes,  44-46,  245,  302,  310 
cloacae,  166,  294 
oxiitociiin,  303 
Aerobes,  41 
Aging,  beer,  347 
meats,  150,  186 
wines,  353 

Agitation  of  canned  foods,  101 
Agricultural  Marketing  Service  inspec¬ 
tion  and  grading,  447 


Air,  65-67 

bacteriological  analysis,  67 
contamination  from,  65-67 
filtration,  67 
microorganisms,  65—67 
sampling,  67 
treatment,  67 
Alcaligcncs,  44 
face  alls,  302 
luetalcali^cues,  311 
viscoJactis  {viscosits),  59,  301 
Alcohol  as  preservati\  e,  137 
Alcohol  content  of  wines,  354 
Ale,  351 

(  See  also  Beer ) 

Algae,  317,  365,  373 
Alkali  dipping,  127 
Alkalies  and  alkaline  salts,  134,  429 
Alternaria,  24,  250,  256,  260,  278,  308, 
312 

hrassicae,  24 
citri,  24,  259 
radicina,  251 
tenuis,  24,  260 
Amertume  ( wines ) ,  356 
Amylases,  57,  380—382 
Anaerobes,  41 

Anaerobic  conditions  in  preser\ation, 
canned  foods,  87 
molasses  and  sirups,  159 
An^uilUda  aceti,  364 
Animals,  contamination  from,  62 
Antbracnose,  250 

Antibiotics,  137-139,  190,  195,  206,  295 
in  ice,  196 
plus  heat,  138 
as  preservatives,  137—139 
in  fish,  195 
in  meat,  190 
in  poultry,  206,  295 
Appert,  Nicolas,  107 
Apple  jack  (brandy),  359 
Apple  juice  (cider),  pasteurization,  105 
standards,  microbiological,  452 
Apple  wine  or  hard  cider,  357 
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Apples,  178,  262 
gas  storage,  178 
spoilage,  262 
Apricots,  spoilage,  262 
Arthrospores,  5 
Artichokes,  spoilage,  253 
Asconiycetes,  2.5-26 
Ascospores,  6 

Asepsis  in  preservation,  85,  157 
( See  also  specific  foods ) 

Ashlnja  gossijpii,  377 
Asparagus,  spoilage,  251 
Aspergillus,  14-17,  244-246,  312,  369, 
383 

characteristics,  14-17 
clavatus,  .379 
fischeri,  .377 
flaviis,  368 

fiaviis-onjzae  group,  14 
glauciis  group,  14 

niger,  14,  2.38,  2.50,  261,  379,  .381,  384 
orijzae,  .340,  351,  368,  381,  .384 
re  pens,  14 
tamarii,  .369 
wentii,  .379 

Associations,  microbial,  224—22.5 
antibiotic,  224 
metabiotic,  224 
symbiotic,  224 
synergistic,  224 
Atmosphere,  storage,  116-119 

gases  in,  118,^  1.35,  178,  185,  203 
irradiation,  119 
relative  humidity,  117 
temperature,  1 16 
ventilation,  118 
( See  also  Air ) 

Av'ocados,  spoilage,  260 
aw  ( .see  Water  activity ) 

Bacillaceae,  54 

Bacillus,  54,  279,  281,  288,  289,  .306,  317 
hetanigrificans,  327 
calidolactis,  298,  306 
cereus,  .306,  400 
characteristics,  54 
citri  medicae,  .367 
coagulans,  .306,  .323,  .327,  .378 
kefir,  21.5 
macerans,  325 
megaterium,  306,  316 
mesentericus,  325 
natto,  .369 
nigrificans,  268 
pepo,  323 
poh/rnt/xa,  310,  .325 
puinilus,  269 
stearothermophilus,  323 


Bacillus,  suhtilis,  240,  268,  .306,  316  .325 
338,  369,  381,  .383 
thennoacidurans  {see  coagulans, 
above) 
vulgatus,  316 
Bacon,  189,  282-284 
curing,  189,  283 
spoilage,  282-284 
\N41tshire,  283 
Bacteria,  36-60 

acetic  acid,  56,  337,  .360 

acid-proteolytic,  57,  299 

aerobic,  41 

alkali-forming,  .302 

anaerobic,  41 

butyric  acid,  56,  .324 

capsules,  36 

cell  aggregates,  38 

coliform  {see  Coliform  bacteria) 

cultural  characteristics,  38 

endospores,  .36-38 

factors  influencing  growth,  .3f)— 41 

facultative,  41 

food-poisoning,  58,  390-400,  415 

gas-forming,  .59 

generation  time,  84 

groups  in  foods,  .55—59 

growth  curve,  82—84 

halophilic,  58 

infections,  58,  400-406,  416 

intestinal,  .58 

iron,  .5.5 

lactic  acid,  48-.53,  .56,  215 
lipolytic,  57 
mesophilic,  40 
microaerophilic,  41 
morphology,  .36—38 
osmophilic,  .58 

pathogenic,  .58-.59,  390-406,  411, 

41.5- 417 
pectolytic,  57 
phosphorescent,  4.3 
phvsiological  characteristics,  38 — 11, 

22.5- 235 

foods,  .39,  228-231 
inhibitors,  41,  231 
moisture  rerpiirements,  .39,  226 
()-B  potential,  41,  2.32 
pH,  40,  231 

temperature  rerjuirements,  40,  2.'33 
pigmented,  59 
propionic  acid,  .53,  .56 
proteolytic,  56,  300 
psvchrophilic,  40,  58,  424 
rope-forming,  .59,  240,  245,  265,  268, 

285,  301,  317,  .3.56 
saecharolvtic  anaerobes,  57 
salt-tolerant,  58 
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Bacteria,  spores,  36—38 
sugar-tolerant,  58 
thermoduric,  209,  325 
tliermophilic,  58,  322-324 
Bacterial  soft  rot,  249 
Bacteriophages,  41 
Bacterium  curvum,  360 
orlcanense,  360 
proteohjticum,  311 
scheutzenhachii,  360 
termo,  350 

{See  also  Brevihacterium) 

Baking  {see  Bread;  Cake) 

Bananas,  spoilage,  260 
Beans  (green,  lima,  wax),  spoilage,  251 
Beef,  dried,  187,  279 
fresh,  spoilage,  277 
ground,  277,  452 
Beer,  346—351 
aging,  347 

defects  and  diseases,  348-351 
fennentation,  347 
ginger,  351 

manufacture,  346-348 
microbiology,  348—351 
Beets,  spoilage,  canned,  327 
raw,  253 

Berries,  spoilage,  256 
Berry  wines,  358 
Beta  rays  ( see  Cathode  rays ) 
Beverages  ( see  specific  beverages ) 
Biacetyl,  51,  167,  215 
Biochemical  oxvgen  demand,  425 
Bitterness,  of  cheese,  311 
of  milk,  299,  303 
of  wine,  356 
Black  mold  rot,  250 
Black  rot,  250,  292 
Black  spot,  275,  294 
Blanching,  108,  119 
Bleeding,  122 
Bloaters,  266 
Bloom,  on  eggs,  197 
on  meat,  185,  274 
Blue  mold  rot,  250 
Boric  acid  and  borates,  134 
Botn/tis,  21,  249 
cinerea,  21,  249,  354 
Botulism,  390-396,  415 
cause,  390 
disease  of,  395 
foods  involved,  394 
incidence,  394 
mortality,  395 
outbreaks,  394 
prevention,  396 
tests  for,  415 


Botulism,  toxin,  393 

(  See  also  Clostridium  hotulinutu  ) 

Brandy,  359 

Bread,  237-242,  342-346 
baking,  345 
chalky,  242 
flavor,  344 
leavening,  342-344 
liquid-ferment  process,  344 
moldy,  238-240 
red,  242 
ropy,  240-242 
rye,  345 
sour,  237 
spoilage,  237—242 
sponge  method,  343 
Breather,  321 
Bremia,  250 
Brettanomijces,  35,  170 
Brevibacteriaceae,  48 
Brevihacterium,  48 
ertjthrogenes,  304 
linens,  312,  337 

Brines,  168,  172,  173,  188,  28o 
curing,  188,  285 
olive,  173 
pickle,  168,  172 
vegetables,  164 
Broccoli,  spoilage,  255 
Brucellaceae,  46 
Brussels  sprouts,  spoilage,  255 
Buffers,  231 

Bulgarian  buttermilk,  215 
Butter,  212,  307 
cream  for,  209,  211 
spoilage,  307 
storage,  212 
Buttermilks,  215 

{See  also  specific  fermented  milks) 
Buttons,  306,  327 
Butyric  acid,  56,  298 
Butvric  acid  bacteria  (butyrics),  56,  324 
Bijssochlamys  fulva,  95,  326 

Cabbage,  spoilage,  255 
Cacao,  366 
Cake,  158,  242 
irradiation,  158 
spoilage,  242 
Candida,  33,  35,  170 
arhorea,  373 
krusci,  35 
mxjcoderma,  34 
Candling  of  eggs,  199,  291 
Candy,  76,  159,  246 
contamination,  76 
spoilage,  246 
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Canned  foods,  agitation  of,  101 
spoilage,  319—329 
biological,  319—327 
chemical,  319 
diagnosis  of  cause,  328 
flat  sour,  322 

grouping  on  pi  I,  93,  321,  326 
leakage,  319 
niesophilic,  324—326 
bv  molds,  326 
putrefaction,  324 
sulfide,  323 
swelling  of  cans,  320 
T.A.,  323 

thermophilic,  322-324 
by  yeasts,  326 
Canning,  106—111 
containers,  107 
fish,  192 
frnits,  109,  111 
history,  106—108 
home,  110 
meats,  183 
milk,  210 
new  methods,  110 
procedure,  108 
vegetables,  108 
Cantaloupe  (muskmelon),  spoilage,  256 
Capsules,  36 

Carbon  dioxide,  preservation  with,  118, 
156,  178,  185 
carbonated  beverages,  156 
frnits  (gas  storage),  178 
meats  (gas  storage),  185 
under  pressure,  156 
Carrots,  spoilage,  251 
Casehardening,  127 
Catadyn  process,  134 
Catalase,  135,  384 
Cathode  rays,  148,  151—155 
applications,  154 
effect  of,  on  foods,  154 

on  microorganisms,  151-154 
Cauliflower,  spoilage,  255 
Celery,  spoilage,  252 

Centrifugation,  86 
Cepfwlosporitim  acremonitim,  21 
CeratostomeUa,  250 
fimhriata,  255 

Cereals  and  cereal  products,  77,  15/, 
236-243 

contamination,  77 
preservation,  157 
spoilage,  236—243 
Cheese,  215,  309-312 
discoloration,  311 
preservative  factors,  215 


Cheese,  spoilage,  309-312 
starters,  336 
Cherries,  spoilage,  262 
Chicken  {see  Poultry) 

Chilling,  preservation  bv,  116-119,  161, 
178,  193,  199,  204,  211,  215 
cheese,  215 
eggs,  199 
factors  in,  116—119 
fish,  193 
fruits,  178 
meats,  185 
milk,  211 
poultry,  204 

temperatures  involved,  116 
vegetables,  161 
Chlamydobacteriales,  55 
Chlamydospores,  5,  28 
Chlorination  of  water,  64,  135 
Chlorine  (sanitizer),  135,  429 
Chlortetracycline  {see  Antibiotics) 
Chou,  367 

Chromohacterinm  lividtim,  274 
Cider  {see  Apple  juice) 

CIP  systems,  430 
Citric  acid  production,  379 
Citron,  367 

Citrus  fruits,  spoilage,  grapefruit,  256- 
259 

lemons,  256—260 
oranges,  256-260 

Cladosporiurn,  23,  244,  256,  309,  312 
black  spot,  309 
green  mold  rot,  250 
herharnm,  23,  260,  275,  312 
Classification,  bacteria  of  foods,  41-59 
molds  of  foods,  26 
yeasts  of  foods,  30—35 
Cleansing,  140,  429 
ClonotJirix,  55 

Chs-trkUum,  54,  246,  268,  276,  298, 
306,  310,  311 
acctohntiilicnm,  376 
hotulimim,  186,  324,  390-395,  415 
huttiriciim,  245,  268,  324 
characteristics,  54 
lentoputresccm,  311 
ni^rificans,  323 
pamhotulimim,  391 
pa.stenriautun,  324,  327 
pcr/n’ngcn.s  {u'clcJiii),  400 
putrefaciens,  284,  324 
sporo*iencs,  311,  324 
therniosnccharohiticiitn,  323,  439 
ti/ro})utijrinnn,  311 
Cocoa  butter,  spoilage,  315 
Coffee,  366 

Cold  storage  {see  P'reezing) 
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“Cold-storage  flavor,”  274 
Coliforin  bacteria,  44-46,  bSO,  i-6b 
in  food  poisoning,  4C0 
in  frnit  juices,  180,  437 
in  milk,  298,  43/ 


in  oysters,  437 
in  soft  drinks,  437 
sources,  44 


tests  for,  64,  437 


in  water,  64 
CoUetotrichum,  25,  250 
Jindctniithianinn,  250 
Colorless  rots  of  eggs,  292 
Common  ( cellar )  stx)rage,  1  lo 


Condensed  milk,  212 
Conidia,  5 
Conidiophores,  5 

Contamination  of  foods,  61-78,  223,  40o 
in  disease  outbreaks,  405 


sources,  air,  65-67 
animals,  62 

carriers,  397,  401,  405,  416 
equipment,  70,  74 
food  handlers,  74,  405,  414,  416 
handling  and  processing,  69-78 
natural,  61-68 
plants,  61 
sewage,  62 
soil,  63 
water,  6-3-65 
specific  foods,  eggs,  7-3 
fish  and  seafood,  73 


fruits  and  vegetables,  69-71 
meat  and  meat  products,  72 


milk,  74 
poultry,  73 
sugars,  75 

Control,  food,  444-447 
agencies  for,  444 
Cooling,  canned  foods,  102,  110 
eggs,  199 
meats,  182,  185 
milk,  211 
poultry,  204 
Copra,  spoilage,  315 
Coremia,  17 
Corynebacteriaceae,  53 
Con/nclmcteriuin,  53 
hods,  53 
dij)htheri(ie,  53 
pyogenes,  53 
Cralis,  spoilage,  289 
Crackers,  -344 
Crenothrix,  55 
Cryptococcus,  34 
kcfyr,  -34 
sphuericus,  -34 
utilis,  -34,  373 


Cucumbers,  spoilage,  256 
Cultured  buttermilk,  21-5 
Cidtured  sour  cream,  215 
Cultures,  33-3-341 
acetic  acid,  337 
activity,  335 
bacterial,  33-5-338 
lactic  acid,  336 
maintenance,  3-34 
mixed,  335 
mold,  340 
preparation,  -3-34 
pro]^ionic  acid,  3-37 
starter  (see  Starters) 
veast,  338-340 
Curing  of  meats,  188-190 
Curing  solutions,  spoilage,  285 

Dairy  products  (see  specific  products) 
Dates,  spoilage,  262^ 

Dehartionnjces,  3-3,  170 
Dehydration  (see  Drying) 
Dematiaceae,  2-3—25 
Desiccation  (see  Drying) 

Detergents,  140,  429 
Dextran,  production,  -377 
DUiporthe  hatatatis,  255 
Dielectric  heating,  146 
Dill  pickles,  171 
Diplodiu,  25,  2-50,  2.56 
tuhericola,  255 

Diseases,  food-borne,  389—419 
food  infections,  400—406 
food  poisonings,  ,390-400 
investigations  of  outbreaks,  411—419 
kinds,  411 

prevention  of  outbreaks,  419 
Diibermal  processing,  146 
Downy  mildew,  250 
Dried  foods,  microbiology,  128—131 
(  See  (dso  specific  foods) 

Drip,  122 
Drying,  12-5-131 
control,  126 
of  cultures,  3-34 
methods,  125 
pretreatmeuts,  127 
procedures  after,  127 
sun,  126 

(See  (dso  specific  foods) 

Dysentery,  amebic,  40-5,  411 
bacillarv,  405,  411,  416 

Eggplants,  spoilage,  256 
Eggs,  73,  197-203,  292-294,  451 
bacterial  genera  on,  197 
candling,  199,  291 
contamination,  73 
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Eggs,  defects,  199,  291 
dried,  microbiology,  130 
preservation,  197—203 
chilling,  199 
drying,  201 
freezing,  200 
heating,  198 
oiling,  199 
preservatives,  202 
preserved,  370 
pretreatments,  202 
spoilage,  292—294 

bacterial  rots,  292-294 
fungal,  294 
mustiness,  294 
noninicrobial  changes,  291 
pin-spot,  294 

spoiled,  bacterial  genera  in,  292-294 
mold  genera  in,  294 
standards,  microbiological,  451 
washing,  198 

Electric  currents  in  preser\  ation,  146, 
217 

Electron-volt  (ev),  148 
Electrons,  148 
Employee  health,  431 
Endamocha  liistoli/ticu,  411 
Endive,  spoilage,  253 
Etulornt/ces,  25 
fihtilioer,  31,  242 
vernal  is,  31,  375 
Endoinifcopsis,  170 
Endosepsis,  260 

Endospores  ( bacterial ) ,  36—38,  96 
dormancy,  38 
formation,  36 
gennination,  37 
heat  resistance,  96 
Enterobacteriaceae,  44—46 
Enterococci,  49,  180 
Enterotoxin,  396—398 
Enzymes,  mannfactiire  and  uses,  380— 
385 

amylases,  380—382 
catalase,  384 
glucose-oxidase,  384 
invertase,  382 
pectolvtic,  382 
proteolytic,  383 
Eremotlieciurn  ashhi/ii,  377 
Envinia  carotovora,  46,  249 
Escherichia,  44 — 16 

coli,  44-46,  284,  294,  400 
Enmi/cophijta,  9 
Evaporated  milk,  210,  212,  305 
heat-treatment,  210 
spoilage,  305 
Evaporation,  126 


F  value,  98 

Fats  (and  oils),  decomposition  in  meats 
274 

as  energy  food,  229 
from  microorganisms,  375 
spoilage,  314-316 

Fecleral  Food,  Drug,  and  Cosmetic  Act, 
445 

Fermentations,  141,  164-175,  342-371 
acetic  acid  (vinegar),  359 
alcoholic,  342— .359 
beer  (ale),  347 
bread,  342 
distilled  li(juors,  3.58 
ginger  beer,  351 
mead,  358 
perry,  3.57 
pul(|ue,  351 
sake,  351 
wines,  352 
citric  acid,  379 
dextran,  377 
egg  albumin,  201 
lactic  acid,  48,  166-175,  215,  378 
chee.se,  215 
fermented  milks,  215 
olives,  green,  173 
pickles,  168-172 
production,  .378 
.sauerkraut,  166 
.saner  riiben,  175 
sausage,  190,  277,  446 
leavening  (bread),  .342— .344 
mannitic  (wines),  .3.56 
mixed  acid,  cacao,  366 
citron,  .367 
coffee,  366 
poi,  370 
vanilla,  .367 

Oriental  foods,  367— .370 
eggs,  preserved,  .370 
fisii,  .369 
minchin,  .369 
mi.so,  .369 
natto,  369 
soy  sauce,  367 
soybean  cheese,  369 
tamari  sauce,  .368 

Fermented  milks  (buttermilks)  (see 
specific  kinds) 

Field  investigation,  food-borne  diseases. 
41.3-41.5 

Figs,  spoilage,  260-262 

F’iim  yea.sts  (see  leasts) 

Filtration,  67,  86 
air,  67 

beverages,  86 
water,  86 
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Fish  (seafood),  73,  191-196,  286-289, 
369 

bacterial  genera  in,  73 
contamination,  73 
preservation,  191—196 
antibiotics,  195 
antioxidants,  196 
asepsis,  191 
chilling,  193 
drying,  194 
fermented,  369 
freezing,  193 
heat,  192 

preservatives,  194—196 
spoilage,  286-289 
bacteria  causing,  288 
evidences,  287 
factors  influencing,  286 
special  kinds  of  fish,  289 
(  See  also  Seafoods ) 

Fisheye,  268,  269 
Fishiness,  294,  303,  308 
butter,  308 
eggs,  294 
milk,  303 

Fitness  of  food,  221 
Flat  sour  spoilage,  322,  327 
Flavohacteriuni,  44,  274,  288 
proteus,  350 
rhenanus,  166 
Flavor  reversion,  314 
Flipper,  320 
Floaters,  266,  268 
Flour,  236,  242 
spoilage,  236 
spores  in,  242 

Food  handlers,  74,  405,  414,  416 
Food  infections,  400—406,  416 
miscellaneous,  404 
prevention,  405 
Salmonella,  400—403 
streptococcus,  403 
Food  laws,  445-447 
Food  poisoning,  390—400,  411—419 
animal  sources,  390 
Bacillus  cercus,  400 
botulism,  390—396 
chemical,  389 

Clostridium  perfrim^ens,  400 
coliform  bacteria,  400 
investigation,  411-419 
plant  sources,  389 
staphylococcus,  396-400,  415 
tests  for,  415 
true,  390-400 
Foods,  bacteria,  36-60 
biological  structure,  228 
chemical  properties,  228 


Foods,  colloidal  constituents,  227 
contamination,  61—78,  223,  405 


control,  444—447 

cultures  for,  333—341  ^ 

fermentations,  141,  164-175, 


342-371 


fitness,  221 
croups,  81 

heated,  canned,  104-111,  319-329 
infections  {see  Food  infections) 
laboratory  methods,  415-417 
from  microorganisms,  372-380 
molds,  3—26 

nutrients  for  microorganisms,  228-1-31 
perishable,  222 

physical  state  and  structure,  225-228 
poisoning  {see  Food  poisoning) 
preservation  principles,  82-85 
( See  also  Preservation  of  foods ) 
preservatives,  132-143 
sanitation,  42'3— 432 
semiperishable,  222 
spoilage  principles,  221-235 
stable,  222 
standards,  449-453 
washing,  87,  160,  166,  177,  198 
yeasts,  27-35 
(  See  also  specific  foods) 

Formaldehyde,  137 
Formula  method,  103 
Frankfurters,  spoilage,  280 
Freezerburn,  122 
Freezing,  119—123 
changes  during,  121 
effect  on  microliial  growth,  227 
lethal  effects,  1 14 
methods,  120 
pre]^aration  for,  119 
changes  during,  120 
(piick,  shaqD,  slow,  120 
(  See  also  specific  foods ) 

Frozen  desserts  {see  Ice  cream) 

Frozen  foods,  precooked,  123 
bacterial  standards,  452 
( See  also  specific  frozen  foods ) 

Fruit  juices,  180,  263 
contamination,  70 
pasteurization,  105 
preservation,  180 
spoilage,  263 

Fruits,  69,  106,  127,  130,  177-181,  248- 
250,  255-263 

bacterial  genera  in,  159,  179 
contamination,  69 
dried,  microbiology,  130 
frozen,  mold  genera  in,  179 
preservation,  177—181 
canning,  106 
chilling,  178 
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Fruits,  preservation,  dryintf,  127,  180 
ireezinn,  170 
heat,  177 
preservati\es,  180 
spoilage,  248-250,  25.5—263 
types,  249 

(See  also  specific  fruits) 
washing,  177 

Fungal  reel  rot  (eggs),  294 
Fungal  spoilage  (.see  Molds) 

Fungi  Iinperfecti,  1-1—25,  34 
fi’ungicides  and  fnngLstats,  9,  141,  181, 

'202 

Fusarium,  25,  250,  255,  260 
culmorum,  309 
moniliforme,  261 

Gallionella,  .55 
Gamma  rays,  148,  1.51-155 
applications,  154 
effect  of,  on  foods,  154 

on  microorganisms,  1.51-154 
Garlic,  spoilage,  251 
Gases  in  food  preservation,  118,  135, 
178,  185,  202 
Gassiness,  candy,  246 

canned  foods,  320,  .32.3—32.5 
cheese,  311 
hams,  284 
milk,  298 
molasses,  24.5 
olives,  268 
pickles,  266 
Generation  times,  84 
Geotrichnm  (Oospora,  Oidiinu),  18,  .35, 
275,  309,  312 
aurianticuni,  242,  312 
candidnm  (O.  lactis),  18,  .35,  .307, 
312,  .370,  .372,  .375 
caseovorans,  312 
citri-aurantii,  260 
cnistacea,  312 
ndniirn,  312 
Ginger  beer,  351 
Gleosporiinn,  2.5,  260 
Glucose-oxidase;  384 
Glycerol  as  preserx'ative,  1.37 
Grains,  2.36 

Grapefruit,  spoilage,  256-259 
Grapes,  juice  pasteurization,  105 
spoilage,  2.56 
for  wine,  3.52 
Graphical  method,  102 
Green  mold  rot  ( fniits,  vegetables),  250 
Green  rot  (eggs),  292 

Growth  of  microorganisms,  associative, 

224 

delay,  82-65 


Growth  of  microorganisms,  factors  affect¬ 
ing,  224-2.35 
in  meat,  272 
prevention,  85 

Growth  curve  ( history ) ,  82—85 

llalohacterium,  44 
Halogens,  1.35 
llalophiles,  58 
Hamburger,  spoilage,  277 
standards,  bacterial,  452 
Hams,  canned,  184 
curing,  188—190 
smoking,  190 
spoilage,  284 
tenrlerized,  284 
I  la  nseniaspora,  34 
llansemila,  .33,  170,  .368 
anomala,  .350 
Hard  swell,  .320 

Heat  (in  preservation),  89—111,  1.57 
boiling,  10.5 
canning,  106—1  1  1 
pasteurization,  104 
penetration,  99-102 
resistance,  9-4—99 

thermal  processes  (see  Tliermal  proc¬ 
esses  ) 

Heat  pcMictration,  99-102 
Heat  resistance,  89—99 

of  bacteria  and  spores,  95 
determination,  96—98 
factors  affecting,  89-94 
of  molds  and  spores,  95 
of  yeasts  and  spores,  95 
llelminthosporiuni,  23 
1  lofius  method,  217 
Honey,  76,  1.59,  246 
contamination,  76 
pasteurization,  1-59 
spoilage,  246 
Horse-radish,  140 

Humiditv,  relative,  and  bread  storage, 
2.39 

and  chilling  storage,  1 17 
and  drying,  126 
and  gas  storage,  1 18 
and  ultraviolet  irradiation,  149 
ami  water  actixity,  6,  225 
Hvdrogen-ion  concentration  (sec  pH) 
Hydrogen  peroxivle,  l.'3.5,  1.59 
Hydrogen  swells,  319 
Hyphae,  4 
Hypochlorites,  133 

Ice,  64,  195,  42  4 
bacteriology,  64 
germicitlal,  19.5,  424 
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Ice  cream,  75,  105,  209,  212,  306,  451 
ingretlients,  75,  212 
mix,  pasteurization,  105,  20J 
standards,  bacterial,  451 


Induction  heating,  146 
Infections  {see  Food  infections) 
Inliibitors,  7,  41,  231 
Inspection  and  grading,  447 
Invertase,  382 
Iodine,  135,  181 
Ionizing  radiations,  147—155 
Irradiation  {see  Radiations) 

jams,  326,  452 
spoilage,  326 

standards,  microbiological,  401- 
Jellies,  spoilage,  326 


Keeping-ijuality  tests,  440 
Kefir,  215 
Kloeckera,  34,  170 
Koji,  340,  351,  367 
Kumiss,  215 


Laboratory  methods,  microbiological, 
415-417,  434-441 
agencies  recommending,  440 
eating  and  drinking  utensils,  441 
for  food-borne  disease,  415—417 
qualitative,  439 
quantitative,  437-439 
samples  tested,  436 
sampling,  435 
tests,  keeping-fpiality,  440 
kinds,  436 
purposes,  434 
sterility,  439 
Lactenins,  231 

Lactic  acid,  fermentations  {see  P’ermen- 
tations ) 

manufacture  and  uses,  378 
as  preservative,  136 
Lactic  acid  bacteria  (lactics),  48-53, 

56,  215,  336 
heterofermentative,  48 
homofermentative,  48 
starters,  336 

{See  also  Fermentations) 
Lactobacillaceae,  48-53 
Lactobacillus,  51—53,  264,  274 
acidophihis,  215 

brevis,  167,  170-173,  265,  269,  316, 
345,  356,  370,  378 
var.  nulensis,  311 
buchneri,  356 

bulgaricus,  215,  298,  302,  337,  345, 
378 

casei,  337,  345 


Lactobacillus,  delbrueckii,  337,  340,  368, 


370,  378 
fermenti,  356 
helveticus,  337 


hilgardii,  356 
lactis,  337 


pastorianus,  350,  370 
plantarum,  167,  170-L2,  173,  -60, 

366.  378 


var.  nulensis,  311 
salimandus,  281 
thcnnophilus,  298 
trichodes,  355,  356 


vcrmiforniis,  3ol 
viridescens,  282 
Lag  phase  of  growth,  83 
Laws,  food,  44.0—447 
Leakage,  122 
Leavening,  342—344 
Lemons,  .spoilage,  256—260 
Lettuce,  .spoilage,  25.3-255 
Lcuconostoc,  50,  244,  274,  282,  303, 
310 


citrovorutn,  21.5,  336 
dextranicum,  215,  244,  264,  3.36\  .356 
nieseuteroides,  166,  169,  1/1—173, 
244,  264,  338,  3.56,  366,  377 


Lipase,  57 

Lipolysis,  .57,  314—315 

bacterial  genera  in,  .302,  315 
mold  genera  in,  315 
Licpiors,  distilled,  358 
Logarithmic  phase  of  growth,  83—85 
Low  temperatures,  113—123,  1.58 
growth  at,  114 
lethal  effect,  114 
use,  11.3—123 

chilling,  116-119 
common  or  cellar  .storage,  115 
freezing,  119—123 
principles,  11.3 

temperatures  employed,  11.5—120 
(Sec  also  Chilling;  Freezing) 
Lyophilization,  126,  214,  3.34 
Lysozyme,  231 


Macaroni,  .spoilage,  243 
Malt,  346 

Malt  beverages  (.see  Ale;  Beer) 
Mannitic  fermentation  (wines),  3.56 
Maple  .sap,  76,  1.59,  245 
contamination,  76 
spoilage,  245 
Maple  sirup,  159,  245 
Mayonnaise,  315 
Mead,  .358 

Meat  Inspection  Act,  446 
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Meat  products,  bacon,  189 
canned,  183 
dried  beef,  187,  279 
ham,  184,  188-190,  284 
sausage,  190,  277,  280-282,  446 
Meats,  72,  182-191,  271-285 
bacterial  genera  in,  62,  72,  185 
contamination,  72 
growth  of  microorganisms  in,  272 
mold  genera  in,  72 
pigments,  189 
preservation,  182—191 
antibiotics,  190 
asepsis,  182 
chilling,  185 
curing,  188—190 
drying,  187 
fermentation,  190 
freezing,  186 
heat,  183 
irradiation,  186 
preservatives,  188—191 
smoking,  190 
spoilage,  271-285 
aerobic,  274 
anaerobic,  275 
bacterial,  274—276 
canned,  327 
cured,  278—285 
discoloration,  274 
fresh,  276—278 
greening,  274,  281 
by  lactics,  277 
by  molds,  275 
off-odors  and  ofl-tastes,  274 
packaged,  284 
pigment  changes,  274 
putrefaction,  276 
souring,  271,  274,  275,  284 
tissue  invasion,  271 
types,  273—276 
by  yeasts,  275 
(See  also  specific  meats) 
Melanconiales,  25 
Melons,  spoilage,  255 
Mesophiles,  40 
Metabiosis,  224 
Metacrvotic  lifjuid,  122 
Metals  as  preserv'atives,  134 
Microaerophilic  bacteria,  41 
Microhacteritim,  53 
larticttm,  53,  305 
Micrococcaceae,  46—48 
Micrococni.s,  46,  274,  288 
Candidas,  281 
cascoh/ticus,  57 
freudcnreichii,  301 
lipoUjticas,  285 


Micrococcus,  pyogenes  var.  aureus  (see 
Staphylococcus  aureus ) 
roseus,  245,  304 
ureae,  302 

Milk,  74,  207-217,  297-305,  449 
contamination,  74 
preservation,  207-217 
asepsis,  207 
chilling,  211 
condensing,  212 
drying,  212-214 
fermentation,  215 
freezing,  212 
by  heat,  208-210 
irradiation,  216 
preservatives,  214—216 
smothered,  304 
spoilage,  297-305 

alkali  production,  302 
color  changes,  304 
flavor  changes,  303 
gassiness,  298 
iipolysis,  302 
proteolysis,  299 
ropiness,  300—302 
souring,  297,  303 
sweet  curdling,  54,  300 
standards,  bacterial,  449 
Milk  products,  212—216,  30.5—312 
butter,  212,  .307-309 
buttermilks,  215,  .309 
cheese,  215,  .30f^.312 
condensed  milk,  212,  .305 
dry  milk,  213 

standards,  bacterial,  131,  214,  450 
evaporated  milk,  210,  212,  305 
ice  cream,  75,  105,  209,  212,  306 
standards,  bacterial,  451 
preserv'ation,  212-216 
spoilage,  .305—312 

sweetened  condensed  milk,  21.3,  306 
Minchin,  .369 
Misbranding,  446 
Miso,  369 

Moisture  (see  Water) 

Molasses,  159,  245 
preservation,  1.59 
spoilage,  245 
Molds,  .3-26 

asexual  spores,  4 

classification  and  identification,  9-26 
counts  of  filaments,  179,  437,  4.39 
cultural  characteristics,  6 
fungistatic  paints,  430 
lieat  resistance,  95 
intlustrial,  10-26 

moqihological  characteristics,  .3-6 
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Molds,  physiological  characteristics,  6-9 
foods,  7 

recpiireinents,  moisture,  6,  2—6 
oxygen,  7 
pH,  7 

temperature,  7 
sexual  spores,  5 
Monascus,  25 
purpiireus,  25 
Monilia  {see  Neurospora) 

Moniliaceae,  14—23 
Moniliales,  14—25 
Morphology,  bacteria,  36-38 
molds,  3—6 
yeasts,  27 

Mucor,  10,  246,  312,  369 
lusitaniciis,  275 
mucedo,  275 
ptjriformis,  379 
racemosus,  10,  275 
ronxii,  10,  368,  381 
Mucorales,  10-14 
Mustiness,  eggs,  294 
meat,  275 
milk,  303 
Mycelium,  4 
Mt/cohacteriiim,  55 
Mtjcodernui,  33-35 

Mycostats  (fungistats),  9,  141,  181,  202 
Natto,  369 

Neurospora  (Monilia) ,  20,  244 
Candida,  373 
nigra,  312 
sitophiJa,  20,  238 
Nisin,  232 
Nitrates,  134,  188 
Nitrites,  134,  188 
Nomogram  method,  103 

Oidia,  5 

Oils,  essential,  316 
Olives,  173,  268 
green,  173,  268 
manufacture,  173 
spoilage,  268 
ripe,  174,  269 
Onions,  spoilage,  251 
Oomijcetes,  10 
Oospora  {see  Geotrichum) 

Oospores,  5 

Oranges,  spoilage,  256-260 
{See  also  Fruit  juices) 

Oriental  fermented  foods  {see  Fermen¬ 
tations) 

Osmophiles,  58 

Oxidation-reduction  potential,  41,  232 
Oxidizing  agents,  140 


Oxygen  recpiirements,  232 
b^teria,  41,  232 
molds,  7,  232 
yeasts,  30,  232 

Oxytetracycline  {see  Antibiotics) 

Oysters,  spoilage,  289 
(  See  also  Shellfish ) 

Ozone,  118,  135,  179,  185,  202 

Paints,  fungistatic,  430 
Parsley,  spoilage,  252 
Parsnips,  spoilage,  251 
Pasteurization,  104 
beer,  105,  348 
cream,  209 

cucumber  pickles,  167 
dry  fruits,  105,  127 
fruit  juices,  105 

high-temperature— short-time,  105,  208 
holding  method,  105,  208 
honey,  159 

ice  cream  mix,  105,  209 
market  milk,  105,  208 
milk  for  cheese,  105 
pickles,  167 
vinegar,  105,  364 
wine,  105,  353 

Pathogens,  58,  248,  390,  411,  415—417 
food-borne,  58,  390,  411 
groups,  411 
plant,  248 
tests  for,  415—417 
Peaches,  spoilage,  262 
Pears,  179,  262 
gas  storage,  179 
spoilage,  262 
Peas,  spoilage,  251 
Pectolytic  enzymes,  57,  267,  382 
Pediococcus  cerevisiae,  50,  167,  169, 

171,  265,  337,  350 

PeniciUium,  17,  245,  246,  250,  275,  309, 
312,  383 
aspcrulum,  275 
aurantio-virens,  312 
camemheiii,  17,  340 
casei,  312 
citrinum,  379 
digitattim,  17,  256 
expansum,  17,  238,  262,  275 
italicum,  17,  259 
luteum,  379 
oxalicum,  275 
puhcrulum,  312 
roqueforti,  18,  340 
spinulosum,  279 
stoloniferum,  238 
Peppers,  spoilage,  256 
Perithccium,  6 
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Peroxides,  135 
Perry,  357 
Pestalozzia,  25,  260 
pi  I,  231 

for  bacterial  growth,  40,  231 
canned  foods  grouped  on,  93,  321, 
326 


effect  on  heat-killing,  92 
for  mold  growth,  7,  231 
for  yeast  growth,  30,  231 
Phoma,  25,  309 
Phomopsis,  250 
vexans,  256 

Phosphorescence,  43,  274 
Phot ohacte Hum,  43,  274 
Phycomycetes,  10—14 
Phtjsolospora,  250 
malorum,  262 

Physiological  characteristics,  bacteria, 
3S-41,  22.5-235 
molds,  6-9,  225-235 
yeasts,  29,  225—2.35 
Phi/tophthora,  250,  251,  2.59 
cactorurn,  256 
PichUi,  33 

Pickles  (cucumber),  167-172,  26.5-268 


dill,  171 
hollow,  265 
pasteurization,  167 
salt  stock,  16f^l71 
spoilage,  26.5—268 
black,  268 

bloaters  or  floaters,  266 
slippery,  267 
soft,  267 

un  fermented,  167 
yeast  genera  in,  170 
Pidan,  370 

Pigments,  bacterial,  >59 
meat,  188 
mold,  6 


yeast,  .35 

Pink  mold  rot  (fruits,  vegetables),  2.50 

Pink  rot  (eggs),  293 

Pin-spot  (eggs),  294 

Plants  (green),  bacterial  genera  on,  61 

Plenodomus  destruens,  255 


Plums,  spoilage,  262 
Podosphaera  leucotricha,  262 
Poi,  370 

Poising  capacity  ( d-P ),  3.32 
Poisoning  {see  Food  poisoning) 
Potatoes,  161,  255 
spoilage,  25.5 
storage,  161 

Potiltry,  73,  20.V206,  294 
bacterial  genera  in,  73,  204 

contamination,  i3 


Poultry,  plucking  and  dressing,  203 
preservation,  203-206 

antibiotics  in,  139,  206,  295 
chilling,  204 
freezing,  205 
heat,  204 
irradiation,  206 
preservatives,  206 
spoilage,  294 

bacterial  genera  in,  295 
Poultry  Products  Inspection  Act,  447 
Pousse  (wines),  3.56 
Preservation  of  foods,  by  anaerobic 
conditions,  87,  1.59 
by  asepsis,  8.5,  157 
by  cold,  113-123 
bv  drying,  125—131 
electric  currents  in,  146,  217 
general  methods,  81 
general  principles,  82—85 
by  heat,  104—111 
bv  preserv^atives,  132—142 
bv  radiations,  144—155 
bv  removal  of  microorganisms,  86 
(See  rt/o>o  specific  foods) 

Preservatives,  132—14.3,  164—175,  185, 
190,  195,  206,  295 
added,  133-141 
alcohols,  137 

alkalies  and  alkaline  salts,  134 
antibiotics,  137-1.39,  190,  195,  206, 
295 

definition,  132,  446 

developed,  141,  164—17.5 

formaldehyde,  137 

gases,  1 18,  1.35,  178,  185,  202 

halogens,  1.35 

inorganic,  13.3-135 

inorganic  acids  and  salts,  133 

metals,  134 

organic,  1.3.5—140 

organic  acids  and  salts,  1.36 

peroxides,  1.35 

sorbic  acid,  1.36 

spices,  140 

sugars,  137 

wood  smoke,  1.39,  190,  195 
(See  also  specific  foods) 

Pressure,  mechanical,  155 
Pretreatments,  effect  on  luicnHirgauisms, 

223 

Propionibacteriaceae,  53 
Propionihaeterium,  5.3,  56,  311,  33( 
ruhrum,  311 
shermanii,  3.37 
thoenii,  311 
Zi-ae.  3 1 1 
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Propionic  acid  and  propionates,  136, 

216,  240,  241 

Propionic  acid  Ixicteria  ( propionics ) ,  oo, 

56,  311,  337 

Proteases  (proteinases,  peptidases),  o83 
Proteolysis,  56,  299 

bacterial  genera  causing,  300 
Proteolytic  enzymes,  production,  383 
Proteus,  46,  284,  293,  317 
melanocogcnes,  293 
inirohilis,  400 
vulgaris,  400 

Psendoinonadaceae,  42-44 
Pseudomonas,  42,  274,  285,  288,  292-294 
fluoreseens,  245,  279,  289,  292,  302- 
304 


fragi,  308,  311 
graveolens,  294,  303 
ichthtjosmia,  303,  308 
mephitica,  308 
mucidoJens,  294,  303 
nigrifaciens,  309 
putrefaciens,  308 
sapohjtica,  303 
sipicijanea,  274,  279,  304 
stpixantha,  304 
viseosa,  311 

Psychropbiles,  40,  58,  114,  185,  205, 
234,  272,  277,  281,  288,  292,  295, 
300,  304,  424 
Pnlque,  351 

Pumpkin,  spoilage,  256 
Putrefaction,  54^  57,  276,  284,  288,  292, 
303,  306,  311,  324,  391 
Pi/thium,  10 
hutleri,  251 
deharyanum,  255 


Qnaternary  ammonium  componnds,  430 
Quick  freezing,  120 
Quick  methods  for  vinegar,  362-364 
Quinces,  spoilage,  262 


Rad,  148 

Radiations,  144-155,  158,  186,  194,  206, 
216 


applications  to  foods,  150,  158 
beta  rays,  148 
cathode  rays,  148,  151—155 
electric  currents,  146 
electrons,  148 
gamma  rays,  148,  151—155 
heating,  144-147 
ionizing,  147-155 
radiofrequency,  1 46 
sonic  (ultrasonic),  147 
ultraviolet,  148-150 
X  rays,  148,  150 


Radishes,  spoilage,  255  ^  . 

Unnf'iditv.  274.  282,  288,  302,  308,  314, 


316 

flavor  reversion,  314 


hydrolytic,  314 
ketonic,  314 
oxidative,  274,  314 
tallowiness,  308,  315 
Red  rot  (eggs),  293 
Red  spot  (meat),  274 
Removal  of  microorganisms,  86 
Rliizoctonia  crown  rot,  251 
RJiizopus,  12,  250,  275 
dele  mar,  381 
nigricans,  12,  238,  250 
sonti,  351 

Rhodotorula,  29,  35,  279 
glutinis,  375 
Rhubarb,  spoilage,  255 
Rigor  mortis,  193,  272,  286 
Roasting,  106 
Roentgen  (r),  148 

Roentgen-equivalent-physical  ( rep ) ,  1 48 
Ropiness,  59,  240—242,  245,  265,  268, 
285,  300-302,  317,  356 
bread,  240—242 
maple  sap,  sirup,  245 
meat-curing  pickle,  285 
milk,  300-302 
pickle  brine,  268 
sauerkraut,  265 
soft  drinks,  317 
wines,  356 
Rots,  egg,  292-294 
black,  292 
colorless,  292 
fungal,  294 
green,  292 
pink,  293 
red,  293 

fruit  and  vegetable,  249—263 
alternaria,  250 
antbracnose,  250 
bacterial  soft,  249 
black,  250 
black  mold,  250 
blue  mold,  250 
brown,  250 
dou'uy  mildew,  250 
dry,  250 
fusarium,  250 
gray  mold,  249 
green  mold,  250 
pink  mold,  250 
rliizoctonia  crown,  251 
rbizopus  soft,  250 
stem-end,  250 
watery  soft,  250 
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Hum,  358 

Rutabagas,  spoilage,  255 

Saccharomyces,  31-33,  246,  316 
anomalus,  367 
apiculatus,  367 

carlshergensis,  33,  339,  372,  377 
cerevlsiae,  31-33,  338,  351,  372,  375, 
382 

var.  eUipsokleus,  33,  339,  352,  360, 
367,  372 

citri  mcdicae,  367 
fragilis,  33 
pasta  ria  n  us,  350 
pt/rifonnis,  351 
Saccharomycodes,  34 
Sake,  351 

Salad  dressings,  spoilage,  315 
French,  316 
mayonnaise,  315 
Thousand  Island,  316 
Salicylates,  1 36 
Salmonella,  46,  400 — 103,  416 
cntcritUUs,  401 
montevideo,  401 
neicport,  401 
oranienhur^,  401 
panama,  401 
puUorurn,  401 
sandiego,  401 
tt/phimurium,  401 
SahnnneUa  infections,  400—403 
tests  for,  416 

Salt  (sodium  chloride),  133,  164,  166, 
168,  172,  173,  188,  194,  214 
Salt-stock  pickles,  168—171 
Sampling,  for  investigating  disease  out¬ 
breaks,  414 

for  microbiological  examination,  435 
Sanitarian,  duties,  42.3—432 
Sanitation,  42.'3— 432 

eating  and  drinking  utensils,  4.32 
health  of  employees,  4.31 
plant  efjuipment,  428—4.30 
waste  (sewage)  treatment  and  dis¬ 
posal,  42.5—427 
water  supplies,  42.3 
Sanitizing  ^sanitizers),  69,  140,  429 
Saprolc^nia  parasitica,  10 
Sarcina,  46,  289 
Sarcina  sickness  (beer),  .350 
Sauerkraut,  106,  16.5—16/,  265 
canning,  106 
definition,  165 
fermentation,  166 
manufacture,  16.5 
spoilage,  26.5 
Sauerriiben,  17.5 


Sausage,  189,  190,  277,  280-282 
greening,  277,  281-282 
lactic  acid  fermentation,  190,  277,  446 
pork,  spoilage,  277 
souring,  277 
spoilage,  277,  280-282 
Schizosaccharomyces,  31,  244 
hussei,  367 
Sclerotia,  4 
Sclerotinia,  26,  250 
sc/erotiorurn,  250,  260 
Scicrotium  hataticola,  255 
Scoptdariopsui,  22,  312 
hrevicatdis,  22 

Seafoods,  crabs,  spoilage,  289 
mussel  and  clam  poisoning,  390 
oysters,  289,  4.37 
coliform  test,  437 
spoilage,  289 
shrimp,  spoilage,  289 
(See  also  Fish;  Shellfish) 
Sedimentation,  86 
Serratia,  46,  279,  293 
marcescens,  274,  304 
Sewage  and  wastes,  42.5—427 
treatment  and  disposal,  42.5—427 
tvpes,  427 

Shellfish,  bacterial  genera  in,  74 
coliform  test,  437 
contamination  from  sewage,  63 
spoilage,  289 
Shigella,  46,  411,  416 
tests  for,  416 
Shrimp,  spoilage,  289 
Sirups,  1.59,  24.5 
preserx’ation,  159 
spoilage,  24.5 

Sliminess,  250,  265,  274,  36.5 
meat,  274 
sauerkraut,  265 
vegetables,  250 
vinegar,  .36.5 

Smoking  (wood  smoke),  139,  190,  195 

Smudge  (onion),  251 

Smut,' 2.50,  261 

Sodium  benzoate,  136 

Sodium  chloride  (see  Salt) 

Soft  drinks,  77,  316,  4.37 
contamination,  77 
microbiological  tests,  43/ 
spoilage,  .316 
Soft  swell,  .320 
Soil,  bacterial  genera  in,  63 
contamination  from,  6.3 
Sonic  (sound)  waves,  14i,  216 
Sonti,  .3.51 
Sorbic  acid,  136 
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Souring.  250,  260-262,  271  274.  277, 

284,  289,  297,  303,  327 
canned  seafood,  32/ 
figs  and  dates,  260-262 
meats,  271,  274,  275,  277,  284 
milk  and  cream,  297,  303 


oysters,  289 
Soy  sauce,  367 
Soybean  cheese,  369 
Sphaeropsidales,  25 
Sphaerothcca  mnrs-uvae,  256 
Spices  and  other  condiments,  140,  190, 

317 

Spinach,  spoilage,  255 
Spoilage,  causes,  222 

ease  of,  classification  on,  222 
fitness  for  consumption,  221 
general  principles,  221-235 
growth  of  organisms,  223 
( See  also  specific  foods ) 

Sporangia,  5 
Sporangiophores,  5 
Sporangiospores,  5 
Spores,  arthrospores  (oidia),  5 
ascospores,  6 
asexual  ( mold ) ,  5 
bacterial  endospores,  36-38,  96 
in  air,  66 
dormancy,  38 
formation,  38 
germination,  38 
heat  resistance,  96 
chlamydospores,  5,  28 
conidia,  5 
mold,  4—6 
in  air,  66 

heat  resistance,  95 
oospores,  5 
sexual  ( mold ) ,  5 
sporangiospores,  5 
yeast,  28,  31,  95 
heat  resistance,  95 
zygospores,  5 
Si)orotricJnnn,  21 
carnis,  21,  275 
Springer,  320 
Squash,  spoilage,  256 
Stamping-ink  discoloration,  274,  315 
Standards,  microbiological,  431,  449-453 
apple  juice,  452 
canned  margarine,  452 
dry  milk,  131,  214,  450 
eggs,  451 
dried,  452 
frozen,  452 
liquid,  451 

frozen  vegetables,  452 
fruit  preserves  and  jams,  452 


Standards,  microbiological,  hamburger, 

452 

ice  cream,  451 
market  milk,  449 
precooked  frozen  foods,  452 
starch,  449 

sugar,  449,  451  ..4-1 

tomatoes  and  tomato  products,  4oi 


water,  451 

Staphijlococcus,  48,  415 
aureus,  48,  284,  396-398 
Staphylococcus  food  poisoning, 
tests  for,  415 

Starch,  bacterial  standards,  449 


396-400 


Starters,  335—337 
butter,  336 
buttermilks,  336 
cheese,  336 
rye  bread,  337,  345 
sausage,  337,  446 
soy  sauce  (koji),  340,  351,  36/ 
Stem-end  rots  (fruits,  vegetables),  250 
StenijdujUuni,  24,  244,  309 
Sterigmata,  5 
Steri^matocystis,  244 
Sterility,  commercial,  109 
tests  for,  439 
Sterilization,  cold,  144 
Stickiness,  275 
Storage,  11.5—123,  234 
chilling,  116-119 
common  or  cellar,  11.5 
dry,  1.57,  1.58,  163 
freezing  (cold  storage),  119-123 
gas,  118,  135,  178,^185,  203 
Streptococcus,  49,  274 
agalactiae,  49 
horns,  49 

cremoris,  49,  21.5,  .3.36 
durans,  49 

faecalis,  49,  169,  171,  172,  180,  282, 
298,  .305,  325,  366,  403,  416 
var.  Uqucfacieus,  49,  .57,  .300,  404 
var.  zymogenes,  49 
faccium,  49,  325 
groups,  49 
kefir,  370 

lactis,  49,  215,  298,  303,  .304,  3.36, 
345,  370 

var.  hoUamlicus,  302 
var.  maltigenes,  .303,  .308 
mucilaginous,  351 
pyogenes,  49 

thermophilus,  49,  215,  298,  .305,  325, 


337,  345 


Streptococcus  infectious,  40.3 
tests  for,  416 

Strcptomyces,  54,  289,  294,  377 
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Sucrose,  spoilage,  244 
Sugar  products,  candy,  76,  159,  246 
honey,  76,  159,  246 
maple,  76,  159,  245 
sap,  contamination,  76 
spoilage,  245 
sirup,  preservation,  159 
spoilage,  246 
sugar,  246 
molasses,  159,  245 
sirups,  159,  245,  382 
Sugars,  75,  137,  158,  188,  245,  382,  449 
contamination,  75 
invert,  382 

li(|uid,  bacterial  standards,  449 
preservation  by,  137 
preservation  of,  158 
spoilage,  245 

standards,  microbiological,  449 
sucrose,  spoilage,  244 
Sulfide  spoilage,  323 
Sulfur  dioxide  (sulfuring),  127,  134,  352 
dried  fruits,  127,  134 
wines,  352 
Sun  drying,  126 
Surface  taint  (butter),  303 
Sweating,  127 
Sweet  curdling,  54.  300 
Sweet  potatoes,  116,  255 
spoilage,  255 
storage,  116,  255 
Symbiosis,  224 
Synergism,  224 

T.A.  spoilage,  323 
Taette,  215 

Taints  in  meat,  274,  276 
Tallowiness  (fats),  308,  315 
Tamari  sauce,  368 
Tapioca,  spoilage,  243 
Tea,  365 

Temperature-time  relationship,  90 
Temperatures,  high,  preservation  bv,  89— 
112 

low,  growth  at,  114 

preservation  by,  113-124 
maximum,  minimum,  optimum  for 
growth,  40 

ref|uirements,  7,  29,  40,  233 
for  bacteria,  40,  234 
for  mesophiles,  40 
for  molds,  7,  233 
for  psychrophiles,  40 
for  thermophiles,  40 
for  veasts,  29,  233 
storage,  11.5—123,  2.34 
(See  also  Thermal  processes) 
ThanmUlimii,  12 


Index 

Ihamnklium,  chactocladioides,  275 
elc^cins,  12,  275 
Thamnidium  taint,  275 
Thawing,  122 
Thermal  death  point,  94 
Thermal  death  rate,  94 
Thermal  death  time,  89-99 
absolute,  94 
cur\  es,  98 
lUajority,  94 

(See  (d.so  Heat  resistance) 

Thermal  processes,  102-111 
canned  fish,  192 
canned  fruits,  177 
cajined  meats,  184 
canned  vegetables,  109 
determination,  102-104 
effect  on  microbial  growth,  227 
efpiivalent,  102 

heat-treatments  employed,  104-106 
Thermodurics,  209,  325 
Thermophiles,  .58,  .322—324 
Tomatoes,  256,  451 
spoilage,  256 

standards,  microbiological,  451 
Tonda,  34 
^lolnda,  306 
"lutinifi,  .304 
lactis-condensi,  306 
mellis,  246 
ptdcherritno,  373 
Torulaspora,  170 
Toridopsis,  34,  170 
caroliniana,  171 
lipoferd,  375 
pidcherrima,  375 
Tourne  (wines),  .3.56 
Toxin,  393,  397 
botulism,  393 
staphyloeoccns,  .397 
TricJiinella  spiralis,  406,  446 
Trichinosis,  406—410 
Triclwderma,  21,  250 
viride,  21,  260 
Trichothecium,  18 
roseum,  18,  250 
Trimethylamine,  286—288 
Trimming  of  foods,  87 
Tubercnlariaceae,  25 
Turnips,  spoilage,  25.5 

Udder,  contamination  from,  74 
Ultras  iolet  ravs,  148—1.50,  1.58,  1.59,  186, 
216 

bread,  cakes,  158 
dairy'  products,  216 
me.its,  186 

sugar,  1.59 
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Ultraviolet  rays,  water,  65,  150 
Utensils,  cleanin'^,  428  ^ 

dairy,  contamination  trom, 

eatiiKj;  and  drinking,  432,  441 

bacteriological  examination,  441 
cleaning  and  sanitizing,  432 
standards,  bacterial,  441 
microbiological  examination,  435 
sanitizing,  429 


Vanilla,  367 

\’egetables,  69-71,  130,  159-175,  248- 
255,  452 

bacterial  genera  in,^159 
contamination,  69-71 
dried,  microbiology,  130 
frozen,  bacterial  standards, 
preservation,  159—175 
asepsis,  160 
chilling,  161 
common  storage,  1 15 


452 


drying,  163 
fermentation,  164-175 
freezing,  161-163 
beat,  160 

preservatives,  164—175 
salting,  164 
spoilage,  248—255 
causes,  248 
fermeirted,  265—269 


juices,  264 
tyjies,  249 

( See  also  specific  vegetables ) 
Ventilation,  118 
Vinegar,  105,  359-365 
bacteria,  42,  56,  360 
defects,  364 
diseases,  365 
eels,  364 
fermentation,  359 
kinds,  359 

manufacture,  360-364 
pasteurization,  105,  364 
quick  metbods,  362—364 
slow  metbods,  360—362 
Vitamins,  230,  376 

for  microorganisms,  230 
from  microorganisms,  376 


Washing  of  foods,  87,  160,  166,  177,  198 
Wkiste  treatment  and  disposal,  425-427 
Water,  6,  29,  40,  6.3-65,  22.5-227,  424 
availability,  6,  29,  39,  225 
bacterial  genera  in,  63,  .326 
bacteriology,  63-65 
chemical  properties,  64 
chlorination,  64,  13.5 
contamination  from,  6.3-65 


Water,  cooling,  64,  1 10 
plant,  64,  424 
potable,  64,  424 

requirements  {see  Water  activity) 
standards,  bacterial,  451 
treatments,  65 

ultraviolet  irradiation,  65,  150^ 

Water  activity,  6,  29,  40,  22.5-22/ 
for  bacteria,  40,  226 
for  molds,  6,  226 
for  yeasts,  29,  226 

Watermelon,  spoilage,  256  x  o-n 

Watery  soft  rot  (fruits,  vegetables), 
Whiskers,  275,  294 
on  eggs,  294 
on  meats,  27.o 
Whiskey,  358 
White  spot  ( meats ) ,  275 
Wieners,  spoilage,  280 
Whiles,  352-358 
aging,  353 
defects,  354 
fermentation,  3.52 
flowers,  355 
kinds,  353 
manufacture,  352 
microbiology,  3.53 
spoilage,  354—357 

Whiod  smoke  (smoking),  139,  190,  195 
\Vort,  346 

X  rays,  148,  150 

Yeast  and  mold  counts,  437 
Yeasts,  27—3.5,  317,  3.38— .340,  3/2— .37.5 
apiculate,  .34 
bakers’,  338,  343 
beer,  339,  347 
bottom,  33,  347 

classification  and  identification,  .30 

cultural  characteristics,  29 

definition,  27 

distillers’,  339 

false,  28,  34 

fats  from,  375 

fermentative,  29,  .31,  264,  .326,  .338- 
340,  343,  347,  352,  .360 
film  (oxidizing),  29,  31,  .33,  265,  267, 
269,  326,^3.55,  365 
as  food,  372-375 
industrial,  31— .3.5 
morphology,  27 
nutritive  value,  374 
osmophilic,  33,  244,  246 
physiological  characteristics,  29 
^  foods,\30 

reejuirements,  moisture,  29,  226 
oxygen,  30 
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Yeasts,  physiological  characteristics,  re- 
fpiireinents,  pH,  30 
temperature,  29 
primary,  373 
secondary,  372 
top,  31,  351 
torula,  373 
true,  28,  31—34 
wild,  31 
wine,  339,  352 
Yoghurt,  215 


z  value,  98 

Zapatera  spoilage  of  olives,  26^ 
Zygomycetes,  10-14 
Zygorrhynchus,  10 
Zygosaccharomyces,  33,  170  244--^ 
316,  368 
mellis,  246 
nusshuumeri,  33,  246 
richteri,  246 
soyae,  368 
Zygospores,  5 
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